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EDITORIAL NOTE 


Tins Directly -Useful Technical Series requires a few 
words by way of introduction. Technical books of the past have 
arranged themselves largely under two sections : the Theoretical 
and the Practical. * Theoretical books have been written more 
for the training of college students than for the supply of 
information to men in practice, and have been greatly filled with 
descriptions of an academic character. Practical books have 
often sought the other extreme, omitting the scientific basis 
upon which all good practice is built, whether discernible or not. 
The present series is intended to occupy a midway position. 
The information, the problems, and the exorcises are to be of 
a directly-usoful character, but must at the same time be wedded 
to that proper amount of scientific explanation which alone will 
satisfy the inquiring mind. We shall thus appeal to all tech- 
nical people throughout the land, either students or those in 
actual practice. 




PREFACE 

This work is intended to form a systematic course of instruc- 
tion in the very extensive field of testing connected with pure 
Electrical Engineering. While much lias been written, from 
time to time, about the more elementary branch of testing in 
Electrical Physics, relating in a measure to Electrical Engineer- 
ing, I believe that, so far, no extensive attempt has been made 
to treat the more advanced and practical portions of the subject 
in that systematic manner which it requires. 

I. therefore venture to think that the present work, which not 
only embodies much of, if not all, the experimental work that it 
is usually possible to do at most colleges, but also many tests on 
heavier electrical machinery, together with a highly descriptive 
course on jointing Electric Light cables, should be eminently 
suitable for constituting the electrical laboratory practice in the 
second and third years of a complete course of instruction in 
Electrical Engineering, and in addition should be of consider- 
able service to the electrical engineer in electrical works and 
central stations. As far as possible the tests have been arranged 
in the order in which thoy may be worked, when used as a course 
for students, but there are exceptions to this rule, owing to the 
advisability of keeping tests of a similar nature together. I 
have endeavoured to make the tests as complete and descriptive 
as possible, and applicable in the case of any college and testing 
room. Each test comprises— an Introduction giving the chief 
foatures, advantages, and disadvantages of the test, condensed as 
much as possible ; the Apparatus necessary ; the Observations to 
be carried out, in other words, a completo and carefully arranged 
digest of the method of carrying out the actual test, with h 
Diagram of Apparatus and connections represented symbolically ; 
a Tabular F<nm indicating the most convenient and proper way 
of recording the observations ; and finally, Inferences which can 
be drawn from the results of the test. These latter if conscien- 
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tiously worked out are calculated to cause the experimenter to * 
think and reason for himself. * 

Following the series of tests is an Appendix, containing the 
Algebraical solutions of the various formulas met with in tine 
tests, and these the student is strongly urged not .to refer jo until 
he has tried, by all the means in his power, to solve the inference 
for himself. 

The Appendix also contains complete descriptions and illustra- 
tions of a large amount of the apparatus which may be employed 
in carrying out the tests, a considerable proportion of it being 
such as will be found in almost every college and testing-room. 

Useful constants and tablos which are frequently needed in 
electrical engineering tests are added at the end of the book. 
A good deal of the apparatus illustrated has been constructed by 
the mechanical assistants, Messrs. John Watkinson and Herbert 
Addy, of the Electrical Engineering Department of the Univer- 
sity, Leeds. 

In conclusion, I wish to express my sincere thanks to my 
valued friend, Mr. Charles Mercer, M.A., for the very consider- 
able amount of trouble he has taken in producing the photo- 
graphs from which many of the illustrations are obtained; 
to Dr. John Henderson, for permission to use the tables of squares 
and reciprocals of numbers; to Messrs. Kelvin & James White, 
for permission to ubo the tables of doubled square roots ; to His 
Majesty’s Stationery Office, for allowing me to use the tables of 
logarithms and anti-logarithms ; to Messrs. Longmans, Green & 
Co., for their kindness in lending eight illustrations and a 
little printed matter from Practical Electrical Testing ; to Mr. 
Herbert Addy, for the trouble he has taken in making the 
drawings from which the illustrations of joints, made in electee 
light cables, are taken, and also for reading through the proofs 
simultaneously with myself ; and further to Messrs. Nalder 
Bros, & Co., Kelvin & James White, Siemens Bros. & Co., 
Crompton & Co., and Evershed <fc Yignoles, for their kinclneis 
in lending me the blocks of some of the illustrations of the very 
excellent apparatus and appliances made by them. 

G. D. A. P, 


The Uniwrstty t Lads. 



’PREFACE TO THE FOURTH EDITION 


While opportunity has been taken, in previous editions, to 
l)oth enlarge and improve the book, the scope of it lias under- 
gone very considerable extension and rearrangement in the 
present edition. Of some 132 extra pages of new matter, no 
less than 116 represent entirely new tests, including a littlo 
•additional theoretical explanatory matter to the previously 
existing tests, while the remainder comprise descriptive matter 
and tables of useful figures. 

Some of the new tests are of a direct current nature and bring 
the direct current portion of the book more thoroughly up-to- 
date; but the remainder, forming by far the greater proportion 
of new tests, relate to alternating currents. This branch of 
practical work— always more difficult to understand than that of 
direct currents— has therefore been greatly strengthened by 
additional matter dealing with modern theory, laboratory and 
commercial tests supplemented by vector diagrams which enable 
the phase relations between current and pressure to be more 
easily understood. 

Further, the greater portion of the work has been completely 
rearranged so as to have all tests of a liko nature together, 
though not necessarily numbered in the order in which they 
should be takei# The author therefore hopes that this edition 
will be found to offer many advantages over previous ones, and 
lie will welcomo notification of any errors which may have 
escaped observation before going to press. 

I would like to thank my friends who have so kindly helped 
me to read through the proofs of this edition simultaneously 
with myself; also Messrs. Evershed & Vignoles, Nalder Bros. <fc 
Co., and Elliott Bros. Ltd., for their kindness in lending me 
additional blocks of illustrations of apparatus; and Messrs. 
The London Electric Wire Co., Smiths Ltd., for permission 
to reprint their Tables of Resistance Wires. 


January 1922. 


G. D. A. P. 
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ELECTRICAL ENGINEERING TESTING 

Curve Plotting. 

Inttoduction. — The practice of recording the results of any 
jeasjirements or tests graphically, as well as in tabular form, in 
cases where this is possible, cannot be too strongly urged, and is 
a most important, as well as, in many cases, an indispensable 
operation. More especially is this the case with a large number 
of physical measurements, and particularly so with a majority of 
tests in Electrical Engineering. The practice of curve plotting, 
as these graphical representations may otherwise be termed, 
presents the following important features — 

(a) It enables the nature of the variation of one quantity with 
another to be seen at a glance much more clearly than is possible 
by aid of a table of results. 

(b) It enables ^rrors in experimental observations, of which 
there are sure to be some, to be corrected comparatively easily, 
which in a majority of cases would be impossible from the table 
of results. 

(c) In the case of the calibration of instruments it enables 
the law of that under test to be readily observed. 

(d) It has the enormous advantage of enabling any inter- 
mediate value between those actually observed and tabulated, to. 
be at once obtained accurately. This, it will readily be conceded, 
is the most important and valuable feature of all, and the ease, 
as well as the rapidity with which the operation of obtaining 
intermediate values can be accomplished, will be dependent on 
the scales chosen in originally plotting the curve in question, 

B 



2 


ELECTRICAL ENGINEERING TESTING 


It may therefore be profitable to indicate the mode of procedure 
in plotting curves, and with a view to exemplifying it, the insults 
of a particular test aro given in Tablo I., and the corresponding 
curve or graphical representation in Fig. 1. They relate to ttio 
determination of the Brake Horse Power (B.1IJP.) of aneelectrjp 
motor and the corresponding value of its efficiency at each load. 


Table T. 


15 II F. 

hllicicncy. 

1 5 

10 

l-7f> 

‘20 

a r> 

‘28 • 

4 0 

40 

0 0 

51 • 

80 

67 

n-3 

75 

lfi 5 

81 

‘21 0 

86 

aoo 

01 

35-0 

01 


In testing work generally at least six or eiglii different deter- 
minations throughout the range should be made, where possible, 
in order that the curve may be drawn more accurately. In most 
cases a curve constructed on threo or four points only would, be 
practically useless and could not bo depended on. 

Directions for Plotting.— (1) Assuming that all the results 
have been worked out numerically and onterod up in tabular 
form, the first thing to noto is what two sets of quantities have 
to be plotted together, and secondly, the largest value of eacl - 
set, for beyond this tho scale need not extend. 

(2) The left-hand vertical and bottom horizontal sides OP anc 
OQ respectively of the squared sheet of curve paper are termed 
the a xes and are rectangular. The> intersect in a point 0 callec 
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the origin. Distances measured vertically are termed oi'dinates, 
and those horizontally, abscissa;. 

* £J) Carefully note which set of readings have to bo plotted on 
the ordinates and which on tho abscissae, and then choose tho 
scales of the axes OP and OQ such that they are as long as 
possible and include the maximum values to be plotted. Also, if 
possible, arrange such that one of the smallest divisions represents 
a simple whole number of one digit. For example, if 33 was the 
largest number to be plottod and the side of tho squared paper 
contained 100 divisions, let 1 division represent 0‘5 only, wheneo 
66 will give the 33; this is far more convenient a scale for 
future referenco in obtaining intermediate values than 1 division 
representing 0 33 (/. e. 99 to give the 33 approx.). While it is a 
great advantage for tho numerical length of the axes to be as 
i largo 9s possible, so as to enable the euno to be drawn larger 
and more accurately, the length should bo decided by consider- 
ations of future referenco to it for intermediate values as just 
mentioned. 

(4) The axes must bo numbered every 10th division, ami under 
no circumstances with the numbers obtained from experiment. 

(5) W rite along each axis tho nature of the quantity plotted on it. 

(6) Each point must be plotted by finding tho point of inter- 
section of the axes representing tho two corresponding quantities 
under consideration at the moment and a distinctive mark there 
made. 

(7) When all the points are plotted, a mean curve, as shown by 
the full line, Fig. J, must l)o drawn through as many points as 
will allow of a uniform line being drawn. 

Some points are always sure to lie on either side of this mean 
line and denote experimental errors. The object of the curve 
is to correct for these. 


(8) In some tests, as for example in “ char- 
acteristic" determinations with direct current 
generators, it often happens that curves cross 
one another and lie close together. In such 
cases they must be drawn thin and a different 
notation for the respective sots of points 
used, such as that represented in Fig. 2. 

All confusion will thus be avoided. 


■K* K-SHH3- 
~0 ~ 0 0 ^ 0 - Q 

* K — * — *- 
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Calibration and Standardization of 
Electrical Measuring Instruments. 

• • 

General Remarks.— -This subject ia perhaps one of the most 
important in connection with electrical testing, and we shall 
therefore devote some considerable attention to it. It will at 
once bo obvious to any one, without any consideration, that a 
measuring instrument which is reading incorrectly, or one that 
has been calibrated so long ago that its present readings may not 
bo true, is a useless instrument, or even worse than this, as one is 
unconsciously liable to take its reading as correct. The import- 
ance of correct reading and accurately calibrated measuring 
instruments cannot be over estimated, for on their being so^iangs 
the wholo crux of further testing, the results of which would 
otherwise be quite worthless. This tho author would emphasize 
most strongly, for it is unfortunately his experience, and no doubt 
that of many more like him, that tho average experimentalist is 
only too ready to take the scale reading of any instrument as 
correct without in the least troubling himself as to whether it 
actually is so or not. This no doubt arises from the little extra 
trouble required to calibrate such instruments prior to starting 
some particular test. ■ 

Measuring instruments may cliango their constants and 
develop errors in their scale readings either from continued use, 
abuse , or in transit from ono place to another^ somo of course 
being much more susceptible to alteration than others. Hence 
in all cases where it is desired to obtain accurate results and do 
good work, the instruments should be re-calibrated and re- 
standardized frequently, and a calibration curve drawn whenever 
possible with the date of the test inserted. At the very least six 
determinations should be made, wherever possible, but preferably 
ten or twelve, as it is not possible to draw a reliable calibration 
curve on less than six points. In all cases it is of tho utmost 
importance to see that the connecting wires or cables do not 
magnetically affect the instruments, for it must be carefully 
remembered that a wire carrying a current, no matter whether 
it is straight or otherwise, acts as a magnet 
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Such inductive effects will be minimized by running or twisting 
the “Jead” and “return” togothcr, when the two equal and 
opposite magnetic effects neutralize. An ordinary flexible twin- 
loatl is non-magnetic externally, but it possesses a very small 
okctrosfcitic capacity. 

Instruments aro usually calibrated by comparing their readings 
with those of very accurately calibrated standard instruments. 
Simultaneous readings must bo taken on both to avoid errors due 
to variation in between. Ammeters are always connected in 
smes and voltmeters aro always connected in parallel with their 
standards. 

In the calibration of voltmeters, the employment of keys in 
any of the branched or parallel circuits containing voltmeters to 
be calibrated is usually a source of inconvenience and should 
bo afbidcd, for a key which places, say, a voltmeter of 1500 
Ohms resistance in parallel with a similar instrument already 
reading, will causo this reading to decrease owing to the alter- 
ation of tho P.D. at tho terminals duo to inserting such a low 
resistance melcr, and tho consequent reduction in tho terminal 
combined resistance. 

(i) Calibration of an Ammeter by comparison 
with a Standard D’Arsonval Ammeter. 

Introduction. — When a standard current measurer, such as a 
Kelvin standard balance or a potentiometer set, is not available for 
comparing the ammeter to be tested with, tho following method 
of calibration may conveniently bo employed. It consists in using 
a good reflecting D’Arsonval galvanometer in conjunction with 
a low resistance composed of platinoid or other suitablo material 
having a small temperaturo co-eflicient of resistance, which 
should preferably be known. Tho resistance of the D’Arsonval 
galvanometer may conveniently be something like 2000 to 4000 
times that of the low resistance to which it is shuntod. Tho 
instrument, its scale, and tho resistance should bo permanently* 
fixed and standardized carefully by moans of a copper or silver 
voltameter. Thon if tho current which produces a full scale 
deflection, with a certain known resistance in series with the 
galvanometer, is accurately known, the cuncnt producing any 
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other deflection with the same resistances wiH be very approxim- 
ately in direct proportion and therefore at once known.* Some 
slight corrections might bo necessary for groat accuracy when 
subsequently using these particular constants , due to alteration 
of resistance through change of temperature and to the deviation 
of the D’Arsonvtol readings from the direct proportional law, lor 
which correction see Appendix, p. 490. 

Apparatus. — Secondary battery Ji capable of giving the 
maximum current required; 
reflecting D’Arsonval gal- 
vanometer G (p. 569); switch 
S ; key K ; carbon rheostat 
11 (p. 597) ; resistance box ' 
(r) ; ammeter A to be cali- 
brated; low resistanfco PP » 
cither of tho form shown 
(p. 605), or simply a sheet 
of the metal. 

N.B.— lb is assumed that tho galvanometer and low resistance 
in combination has been carefully standardized previously and 
now constitutes the standard D’Arsonval ammeter. 

Observations. — (1) Connect up as in Fig. 3, and adjust the 
pointer of A to zero and tho spot of light from G to tho left-hand 
end of tho scale used as a temporary or false zero in this 
test. 

(2) Insert the proper resistance in (r) as given from the 
constants of standardization for tho maxinnpn current to be 
measured and corrected for tho temperature of the room at the 
time of tho test. 

(3) With R largo, close S and adjust the current through the 
ammeter to be calibrated to about -j^th of the maximum scale 
reading by means of li. Then noto simultaneously its reading A 
and tho deflection d on G when K is pressed. 

(4) Repoat 3 for about ten different readings on A rising by 
about equal increments to the maximum with no docreasings of 
current. 

(5) Repeat 3 and 4 for a similar descending sot of the same 
readings on G, noting the corresponding ones on A, avoiding all 
increasings of current, and tabulate your results as follows — 
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Kami . . . Date or test . . . 

Ammeter tested : No. . . . Tjpe . . . Resistance (»)= . . . Ohms. 
Temperature of Room = . . . *C. Resistance of (G)«= . . . Ohms at . . . *C. 


► Reading on Ammeter 
• tested. 

Deflection 

on 

D'Anonval. 

d. 

Corrected 
Readings of 
D'Arsimval. 

1 2> 

True Current 
i. t. (D) reduced 
(a) Amps, 

X Error of 
Ammeter ttwtod. 

Ascending 
• f._£ 

Descending 

A. 


1 


• 



(C) Plot curves having values of true current (a) as abscissa? 
and A as ordinates. 

Inferences. — Enumerate any sources of error in ammeters 
generally. What can you infer from your experimental rosultsl 
*Why should tho current be so carefully increased only in 4 above 
and decreased only in 5 above ] 


(2) Calibration of an Ammeter by comparison 
. with a Kelvin Composite Balance used 
as a Centi-ampere Meter. 


Introduction. — Tho following is a convenient and ready means 
of calibrating any ammeter reading up to 1 ampero, employing a 
Kelvin composite balance used in the manner mentioned, as a 
standard for comparison. A complete description of the con- 
struction and manipulation of tho instrument will bo found on 
p. 654, to which a reference should bo made and the constants 
obtained therefrom. 

Apparatus. — Kelvin composite balance K.B. (p. 554) ; ammeter 
A to be tested ; switch S; 
adjustable resistUnco 11 (p. 

600, et scq.) j source of cur- 
rent C at a P.D. of from 40 
to *60 volts. 

Observations.— (1) Con- 
nect up os in Fig. 4, ad- 
justing both instruments 
carefully to zero. Make 
quite certain that the con- F 10 . 4 * 

nections are as indicated. 

(2) Turn the switch in front of the balance to “ volts ” so as 
to place the fixed and movable fine wire coils in series with each 
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other and with the circuit. Now adjust the balance and ita 
sensibility by employing the proper weights a& given in th$ table 
of constants (p. 666), so that the maximum current to be measured 
on A would give a reading on K.B. as nearly right across the 
scale as possible. # 

(3) With R aa largo as possible close S and obtain about 

of the maximum scale reading on A by varying R. Note this 
and simultaneously the corresponding position ( d ) of the slider 
of K.B. 

(4) Repeat 3 for about ten different valuos of current on A 
(by altering R) rising by about equal increments to the maximum. 

(5) Repeat obs. 4 for a similar set of descending values of 
current, and tabulate your results as follows— 


Nami . . . 1)atb . . . 

Composite Balance used : No. . . . Constants®. . . A mmetor tested?. . 


Slider Rending 

True Amps. 

Reading on A. 

% Error of 

Mean % 

(d). 

A'. if. 

Ascending. 

Descending. 

A. 

Eri or. 








(6) Plot a calibration curve for the ammeter tested having 
readings on A as ordinates and “ True Currents ” ns absciss®. 

Inferences. — What sources of error aro ammeters in general 
liablo to 1 Can anything in particular bo inferred from your 
experimental results ? 


(3) Calibration of an Ammeter by'comparison 
with a Kelvin Composite Balance used 
as a Hekto-ampere Meter. 

Introduction. — The Ivolvin composite balance can be used as 
a standard ammeter for the measurement of direct currents up 
to about 600 amperes, and hence any other ammeter can be 
feadily calibrated by comparison with it. A description of the 
construction of the balance will l>e found on p. 554, together 
with the method of using it to measure heavy currents. In this 
connection it will be seen that the current to bo measured passes 
through the thick fixed wire coils only, which act on the movable 
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coils of line wire carrying a small auxiliary current from prefer- 
ably an independent source of E.M.F. The accuracy therefore 
of the calibration will depend on the accuracy with which the 
ctfrrent through the moving coils is measured, and this is a 
disadvantage in the use of the composite balance for current 
measurement. 


rH' 


Apparatus. — Kelvin composito balance K.B, ; ammeter A to be 
tested; low reading 
accurately calibrated 
ammeter (a) ; rheo- 
stats R (p. 597) and 
V (p. 600) ; switches 
and S 2 j battery 
C capable of giving 
the current corre- 
sponding to the high- 
est scale reading on A. 


R 


“T0.-&T 

K.B 

■ww 1 


-(A)- 


Fin. 5. 


Note. — If a second battery, such as six small cells, is 
available the auxiliary current circuit may preferably be fed 
from it, for then this current will remain unaffected when the 
main current through A is altered. 

Observations. — (1) Connect up as in Fig. 5 if only one battery 
is used, and adjust the pointers of A and a to zero, and also that 
of K.B. in tho manner mentioned on p. 556. Malco quite certain 
that the connections are as indicated in the diagram. 

(2) Turn the switch on tho balance (in front) to “Watts” so as 
to put the fine wire movable coils only in connection with the 
small terminals, and therefore in series with the auxiliary circuit, 

(3) Adjust the balance and its sensibility by employing the 
proper weights as given in the table of constants (p. 557) so that 
the* maximum current to be measured on A would produce as 
nearly as possible a full scalo reading on K.B. 

(4) With r at its maximum close S 2 and adjust the current 
through the fine wire movable coil to its proper valuo, as given 
with the constant , by varying r. Always male quite sure that it 
has this value before taking each reading on K. B. 

(5) With R large, close S x and obtain about T ^th of the 
maximum scale reading on A by varying R. Noto simultaneously 
tho reading on A and the position ( d ) of the slider of K.B. 
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(6) Repeat 5 for some ten different values of current on A 
(by altering R) rising by about equal increments to the maximum. 

(7) Repeat obs. G for a similar set of decreasing currents and 

tabulate as follows — * 


Namk . . . Datr . . * • 

Composite Daknco : No. . . . Constants used . . . Current in Moving Colls= . . . Amps. 
Ammeter tested . . . Typo ... No. . . . Range . . . 


Slider Urading 

Truo Amps. 

Heading on A. j 

% Eiror of 1 

Mean X 

(d). 

Kd. 

[ Amc< nding. ] 

Descending. | 

A. 

Error. 



1 _ 





(8) Riot “ calibration " curves for the ammeter tested having 
readings on A as ordinates and true currents as abscisMO. 

Inferences.— What sources of error are ammeters in general 
liablo to] (Jan you infer anything in particular froifl youi 
experimental results! 

(4) Calibration of an Ammeter by comparison 
with a Kelvin Centi-ampere Balance. 

Introduction. — Any ammeter reading up to 1 ampere can be 
roadily calibrated by comparison with a Kelvin standard centi 
ampere balance. A full description of this instrument, togethei 
with the table of constants, will bo found on p. 540, and the 
method of using it is precisely the samo as that of the compositi 
balance used as a centi-ampere moter, except that there is nt 
switch at all on tho balanco in question. Th8 operator shouh 
refer to tho Appendix (p. 510) for details in connection with tin 
balance. 

Apparatus. — This, with the exception of the balance, is precisely 
the samo as is required for tho corresponding calibration by the 
composite balance. 

Observations.- -These, together with the diagram of connection: 
*and tho inferences, are precisely tho same as for the test on p. 7 
and will not thereforo bo ropoutod here. The operator musl 
refer to tho similar test using the composite balance. 
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.(5) Calibration of a Direct Current Ammeter. 

• • (Crompton Potentiometer Method.) 

t Intriduction. — This method is a very convenient and accurate 
one for calibrating ammeters, and in it the measurements are 
referred to and obtained in terms of a standard Clark cell and 
standard resistance. The principle of tho method is a direct 
application of Ohm’s Law, and consists in measuring the fall of 
potential down an accurately known standard low resistance 

• connected up in series with the circuit through which tho current 
to be measured is passing. This fall of potential is measurod in 
terms of the E M.F. of tho Clark’s cell through tho medium of 
the potentiometer, employing the principle of Iho Clark-Poggen- 
dorff* method for comparing Wo or more E.M.F.’s. A detailed 
description of this will be found in a separate work by the author 
on Practical Electrical Testing for 1st and 2nd year students 
and others. Tho Crompton potentiometer is a specially arranged 
form of comparing instrument by means of which tho calibration 
can be easily and quickly carried out. Tieforo proceeding further 
tho operator should refer to a detailed description of this piece 
of apparatus which will bo found in tho Appendix (p. 510) together 
with the method of using it. Tho present method possesses the 
all-important advantages that the measurements aro all in terms 
of the Official Board of Trade standard — tho Clark cell — that 
their accuracy is great, and without any very special mcan 3 
this can be obtained to at least 1 in 10<)0, and that the range 
is almost illimitable from 0 continuously up to maximums 
commonly met with in practice. The accuracy of the results 
in # tho present method is more particularly dependent on that 
with which the standard low resistance is known. The value 
of this must bo such that the fall of potential down it due 
to the maximum current to be measured is not greater than 1*5 
volts, while at tho same time tho carrying capacity must be such 
as to allow it to pass this current without scnsiblo heating, whicli 
would thereby alter its resistance. 

Apparatus. — Crompton potentiometer P (p. 510) ; secondary 
Ukttery B capable gf easily giving the maximum current required 
for a full scale reading on the ammeter A to be calibrated ; 
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switch S’, one secondary cell (b) for the "working coll” of the 
potentiometer ; accurately known standard low resistance It 
(p. G05) ; sensitive D'Arsonval or moving coil galvanometer (g) 
(p. 560) ; standard Clark cell E ; carbon rheostat (rh) (p. 597 J. 



Observations. — (l) First place the lovers of G and E (Fig. 208) 
on studs 14, and that of II ou studs 1 or 2 for precaution. 
Now connect up as in Fig. G, in which only the row of ter- 
minals on tho potentiometer P is shown symbolically for brevity. 

(2) Adjust tho galvanomter g approximately, and A carefully, 
to zero, levelling them if necessary. See that a suitable low 
resistance standard li is employed, and one that will give a fall of 
potential at its ends not oxcocding 1‘5 volts (= A x R) for tho 
maximum current to bo used [vide p. 13). 

(3) "Set the potentiomoter ” by tho standard cell in tho way 
described on p. 514, tho contact lever U above referred to being 
on studs IV, thus insorting E (Fig. C) in tho circuit of g, which 
must be done so that its E.M.F. opposes that of b. Now close 
S and adjust rh so as to obtain about yb-th of the full scale 
reading on A. 

(4) With the positions of tho resistances G and G x (Figs. 207 
and 208) as found in 3, unaltered, turn the lover of U to studs III 
so as to throw into circuit with g the fall of potential down R 
which as seen is across terminals III, Now adjust the lever of 
the resistances E (Fig. 207) and the sliding key C so that no 
deflection occurs on g on pressing this latter, 

N.B. — If it is impossible) to get a balance o\^ing to the deflection 
of g being always to ono side, tho P.D. across III is assisting, 
instead of opposing (as it should be) tho fall due to b in the 
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stretched wire; the wires from R to 111 must then be inter* 
changed. 

• If the lever at E is on stud 1 (literally 1000) and the slider C 
at <115 on the scale, the P.D. across li «= *1315 volts and tho true 

ctrrent*^ through A if R « 0’1 Ohm is = 1*315 amps. 

Note simultaneously the readings on P and A when balance is 
obtained. Turn 11 to IV again and see whether tho balance in 
obs. 3 still holds. If it does not, re-set P. 

(5) Take about ten different scale doflections on A rising by 
about equal increments to the maximum by varying (rh) and 
repeat 4, noting the new values of P and A. 

(6) Repeat 4 and 5 for a similar descending set of readings on 
A and tabulate your results as follows — 


Ni.ua . . . Date . . . 

Clark Cell : No. . . . Temperature ■». . . 0 C. : E M.F. assumed «... volts. 
Potentiometer sotting : Null . . . Cut . . . Stauihud Low Resibtanco R a , . .Ohms. 


^ Ammeter 
Rending A. 

Potentiometer Reading. 

Tiue P.D. 

across ( Jl ) 

r. 

Truo Cm rent 
^l“£amps. 

Error of 
Ammeter 
A). 

X Error. 

Stud of B. 

Position of 
Slider (t). 



i 





It should bo carefully noted whether a “ Clark ” cell or 
Curhart-Clark ” cell is being used before setting the potentio- 
meter in 3, and that the assumed E.M.F. for this purpose at the 
^articular temperature is correct, the temperature coefficient of 
E.M.F. being ver^ different in these two cells ( vide p. G43). 

Standard Weston (cadmium) cells havo an international 
ralue of E.M.F. of 10183 volts at 20° C., with a temperature 
joeificient of - 0*0000398 volt per rise of 1° C., between 0° and 
10° C. In 1908, for a range of 0° C. - 40° C., Wolff obtained 
,ho relation giving the E.M.F. at °t C., namely — 

E i=s # 20 - 0-000040G(* - 20) - (9-5 x 10 7 )(* - 20)* 

= 1-0183J1 - 0-0000398(1! - 20)} volts approx, (see table 643)’ 

(7) Plot calibration curves for the ammeter tested having values 
f A as ordinates and true amps A x os abscissas. 

Inferences. — What can you infer from your experimental 
esults, and can you suggest any sources of error which might 
itiate the results) 
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(6) Determination of the “Constant” of a 
Galvanometer or Ammeter by Means of 
a Copper Voltameter. 

Introduction.— From tho results of a large number ofc tests ft 
has boon found that, using tho necessary precautions, the constant 
of an electric current instrument can be obtained with certainty 
to within of absolute accuracy by tho electrolysis of copper. 
Tho voltameter ( V) should consist of three or more pure copper 
plates dipping into a saturated solution of copper sulphate con- 
tained in a suitable glass or earthenware vessel, there being one f 
moro “anodo” than “cathode,” and tho two sets arranged altern- 
ately with an anodo at each end. The plates should bo as square 
as possible, and placed from V to apart ; if too close, polariz- 
ation will take place when strong currents are used, and tho 
current density (reckoned in amps, per sq. cm.) is too groat. 
There should not bo less than .'10 sq. cms. per amp. ; if there is, 
tho plate surfiico will bo too small and tho deposit on the cathode 
irregular, some of it falling to tho bottom of the vessel. Tho re- 
sistance of V will also become high and variable, due to the form- 
ation of copper oxide, and will give trouble in keeping tho current 
constant. The solution should he a saturated one (sp. gr. 1*211) 
of pure copper sulphate crystals and distilled water, witli 1% 
by vol. of strong sulphuric aeid added, which is necessary to 
insure success. Tho vol. of solution should be about 1100 cc. 
per amp. Tho anodes may be made of about No. 18 S.W.G., 
and tho cathodes or gain plates of No. 30 S. VK.G. pure copper, 
all edges and corners being smooth and rounded. The electro- 
chemical-equivalent [Z) of any substance, in this case copper 
= No. grms, deposited by 1 coulomb. 

Table II. 

VnliU's of (2) for Co[yer. 

2 J C. 12° 0 23° C. 

0 0003*289 0*0003290 0*0003289 
88 87 86 

SS 84 83 

87 81 80 

85 79 

83 78 

82 78 



77 

75 

72 
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Apparatus.— Voltameter (V); rheostat R (p. 597); switch S\ 
ammeter A to be standardized; secondary battery; drying cup- 
bpard D, not shown ; acid bath. 

(fbservations. — (1) Connect up as indicated in Fig. 7, and 
adjust A*to zero. Light the gas jet under the steam boiler of J) t 
after seeing that the latter contains enough water. 

(2) Determine the necessary area of cathode, and hence the 
number of gain plates required for the current to bo used, 
reckoning both sides in contact with liquid as the effective area 
of cathode. 

(3) Carefully clean the cathodes all over with fine emery cloth 
until quite bright, then dust with a dry clean cloth , and do not 
touch the part to be immersed with the fingers. Clean the anodes 
if they look dirty. 

i (1) Carefully weigh the gain plates on a chemical balance to 
1 m g lt and note their weights ( IFj) grams. 

(5) Insert the sumo area of trial plate to act as cathode, so as 
to adjust the current to the value requited, then ternovo them, 
making sure that the + of buttery is joined to anode. 

(6) Insert the weighed gain plates, and at a convenient and 
noted instant of time switch on, qu.ckly adjusting the current to 
its proper value. 

(7) Keep it flowing for at least thirty minutes, and maintain it 
constant all tlm time by altering //, if necessary. (Noto. — 1’177 
grams of copjter (cupric) are deposited per amp. -hour approx.) 

(8) JS T oto the exact instant of switching off. Very carefully 
remove the gain plates so as not to scratch them, rinse in acidu- 
lated water to prevent the nascent copper oxidizing, then in clean 
water, and place in D to dry. 

(9) When dry and cool re- weigh the gain plates and note the 
weights ir 2 grams. 

(10) Repe.at 2-9 for one or two othor current strengths and 
tabulate as follows — 


Name . . . Date . . . 

Cathode Area =* . . . sq. cnis. i*>r amp. Teinpornture of Bath - . , . ® C. Z » . , . 


Weight or plates in 
grama. 

Deposit W 

=(sir„- 2 ir,) 

Time in Secs. 
(0 

Reading of 

Tine Amps. 
W 

XU 

X Error of 
A. 

Before 2 W\ 1 Afla. 1 2 

i 
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(7) Calibration of Direct Current Voltmeters, 
(Poggendorffs Method.) 

Introduction.-The following method is ar convenient' one for 
enabling low-reading voltmeters up to about 3 or 4 volts to be 
easily and rapidly calibrated by comparison with one or two 
Clark's standard cells. Some convenient form of metre bridge, 
cither circular or ordinary, is requirod. The principle of the 
method will be seen to be practically tho same as tho “ Clark- 
Poggcndorff " method of comparing two E.M.F.’s. 

Apparatus. — Metro bridge of some convenient type, either the 
ordinary straight or circular form ; socondary battery B giving 
an E.M.F. a little in excess of the maximum voltage to be recorded 
on the voltmctor V to bo calibrated; koy k; carbon rheostat 
2i (p. 597) ; sensitive galvanometer G (p. 572) ; high resistance (r) 
of about 10,000 ohms ; standard cell ( S ) of known E.M.F. It 
will be observed that the metre bridge, of whatever form is used, 
is represented symbolically by PQ in Fig. 8, and if the general 
scheme of the connections is understood, there will be no difficulty 
with them when using any form of bridge. 



Observations, — (1) Connect up as in Fig. 8, adjusting V care- 
fully to zero and G to about zero. See that like poles of B and S 




ELECTRICAL ENGINEERING TESTING 


1 ? 


are connected to the same end P t when the respective E.M.F.’s 
will oppose one another. 

• (2) Adjust R to a high value and likewise (r), which might 
preferably be about 10,000 ohms, and is merely for the purpose 
of preventing the standard coll S from sending but a very minute 
current when its circuit is closed at the tapping key or rolling 
contact Cy which at first might bo far from the correct position 
of balance. When C is moved to such a position that the 
deflection on G is small, (r) may temporarily be cut out of circuit 
so as to make the sensitiveness of tho test a maximum. 

(3) Now close K and alter li, so as to obtain about T gth of the 
maximum scale reading on V. 

(4) Find a position for C such that on making contact with 
the bridge wire by means of it, no deflection occurs on G, r being 

• manipulated as in obs. 2. Note the reading on the voltmeter V 
calibrated and the position of C whore PC = r y and QC =» r 2 . 

(5) Reinsert r and repeat obs. 3 and 4 for about ten readings 
on V rising by about equal increments to the maximum, 

(6) Calculate tho true volts V T from the relation — 

y T = LlJlIl x E.M.F. of standard coll, 

r i 

and tabulate your results as follows — 


Nam* . . . Datb . . , 

E.M.F. of Standard Coll = . . . Volta at ... 0 0. r =. . . Ohma\, , . 

0 = ., . Ohmaj[ orreforonCe0nly - 


n 

n + r a 

• 

Heading on 

V. 

True Volta 

% Error of Voltmeter 
tested. 


1 




Note. — The E.M.F. of a Clark’s standard cell ** 1‘4340 legal 
voltS at 15° C., and its E.M.F. at other temperatures may be found 
from the relation — 

E.M.F. - 1’4340{1 - 0 0007 ( t - 15°)} legal volts, 
where 0’0007 is the lemjxrature coefficient of the cell and 
t « its temperature in degrees Centigrade. Fora Carhart-Clark* 
cell the coefficient is 0 00038. For table of E.M.F.'s see p. 643. 

(7) Plot a calibration curve of the voltmeter under tost having 
values of V as ordinates and V r as absciss®. 

Inferences. — Does the accuracy of the abovo test depend on 
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anything in particular 1 Show how the relation given in 6 can 
be obtained and state any assumptions made in deducing it. 

(8) Calibration of a Voltmeter by Comparison 
with a Standard D’Arsonval Voltmeter. * 

Introduction. — The method may conveniently be employed for 
calibrating a voltmeter when neither a Kelvin standard balance 
nor a “ potentiometer sot ” is available for uso as a standard with 
which to compare the instrument under tost. In the present case 
a fairly sensitive and good form of D’Arsonval galvanometer 
combined with a high resistance placed in series constitutes the 
standard voltmeter which together with its scale is permanently 
fixed up. The arrangement is very carefully standardized and 
its constants found with tho aid of a Clark’s standard cell and 
Clark’s potentiometor method (p. 16), and thus a roliable standard 
voltmeter is obtained. 

If tho voltngo which producos a full scale deflection with a 
certain resistance in series with tho instrument at a given tem- 
perature is known, then that causing any other deflection under 
the same conditions will bo in diroct proportion and therefore at 
once known. For considerable accuracy somo small corrections 
would be necessary in using these constants at some other time 
owing to tho difference in tomperaturo altering the resistances of 
the galvanometer coil and tlioso in series with it, and to the 
D’Arsonvnl not exactly fulfilling tho diroct proportional Law, 
for which correction seo p. 400. « 

The l)’Arsonval and its 
resistance can bo arranged 
in one of two ways — (a) 
as represented in Fig. 9, 
assuming that a sufficiently 
high adjustable known re- 
sistance for placing in 
series with it is available. 
If then the “figure of 
merit” of G, i.e. the am- 
peres (a) per scale division, is accurately known, the extra high 
resistance (r) necessary to h, placed in series with it so that the 


hk*-- J lWl r ' ' I' I' 
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required maximum voltage applied to AD (Fig. 9) may produce a 
full scale deflection on G t can bo found by Obm’s Law os follows — 

• If ( d ) => the maximum scale roading to be obtained by a 
maximum voltage V, then if (g) = tho resistance of the galvano- 
V V 

meter wo have (r + g) = - - — ■ 

C ad 

•••’•=■(-< ” !/ ) olims - 

(b) If G is very sensitive and sufticiout resistance is not avail- 
able tho arrangement in 
Fig. 10 may be used, r /A §/\ 

flow taking the form of u „ D 

two resistance boxes r, f^lf^i-WA/UWW-1 

and tv _ V — -0 ? J 

In this case r l will bo ^ - 

small, compared with tho 1 , 1 _ I ( L 

resistance of G and witli ** ^ | j I j 

(n + r j). ai " 1 this sum Km . io. 

large compared witli the 

resistance of V , tho voltmeter to be calibrated. 

If V and v are tho voltages across 11 D and i\ respectively and 
(g) the resistance of C\ whose “figure of merit” is (a), 

then V : v = r 2 + — ] - r ~ : 

>’i ±<J »*i + <J 

and if (J) has the same meaning as beforo v — a (bj, 

whcnco V ri — = adg (V 2 + - 1 1 *-') 

*\+9 \ r i +9' 

assuming r x to be negligibly small compared with g and r 2 wo 

have -L = ~~ approximately, which is obvious from a considera- 
# V 2 ' 

tion of Ohm’s Law. 

Referring to Fig. 8 it will at once bo seen that discarding the 
cell S, the standard D’Arsonval G with its extra resistance r 
may be employed to actually measure the P.D. between P and C, m 
whence knowing the ratio of PQ to PC tho true volts corre- 
sponding to any reading on V (Fig. 8) can at onco bo obtained, 
rhus the arrangement just referred to practically brings us to 
,hat shown in Fig. 10. 

Apparatus. — Secondary battery Ii of a sufficient number of cells 
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to givo the highest reading on the voltmeter (F) to be calibrated j a 
fairly high resistance D’Arsonval galvanometer G (p. 569) ? spring 
tapping key k ; one or two high r&sistance boxes and r c l ; 
variable unknown high resistance rheostat R ; this latter, fiow* 
ever, will bo of no uso if the resistance of the rest ef circuit 
is very high, ami in this case the voltage due to B will have to 
be varied by altering the number of cells in the battery. 1 

Observations.— (1) Connect up as shown in Fig. 10, which latter 
arrangement will bo found to be the one most common in practice. 
Adjust the spot of light of G to the left-hand end of the scalg 
as a temporary or false zero so as to obtain a full scale deflection 
up to the other end for the maximum voltage to bo measured. 

(2) Insert the proper resistances in r, and r 2 as given from the 
constants of standardization for the maximum voltage to be 
measured and corrected for tho temperature of the roortf-at the. 
time of tho tost. 

(3) Close k and adjust R, or alter the numbor of cells in B so 
as to obtain about T l a th of the maximum scale reading on Fand 
note simultaneously the readings on V and G. 

(4) Repeat 3 for about ton different readings on V rising by 
about equal increments to the maximum. 

(5) Ropcat 3 and 4 for a similar descending set of the same 
readings on G, noting the corresponding ono3 on F, and tabulate 
your results as follows— 


Nam* . . . 
Voltmeter ; No. . . . 


Type . . . 


Date . , . 

ItoswUin-o »!=... Ohms. 


Tompcnitiire of loom- . n G. 


Resistance of 0— 


Ohms at 


it 

°C. 


Reading in Volta on Voltmeter tasted. 

Direction on 
l/Arsuntal 

IK 

True Voltage, i. t. 
D reduced 

0) Volta. 

V Eiror of 
Voltmeter 
tested. 

Ascomlmg 

V. 

Loscondlng 

V. 







1 Instead of the variable high Rosistanco iheostat (R) shown in tests 8-11 
which may not be available), the following arrangemont for varying the 
voltage across tho parallel combination of voltmeter tested and standard, 

* will be found convenient, namely— connect two variable lamp resistances c 
i2, it, in sories across tho supply and shunt one of them (ft,) with the volt- 
meter and standard in jiarallel, the lamps of each rheostat being operated 
in parallel and being for a voltage = to that of tho supply. Then by keeping 
1 lamp in i?, and varying R& tho volts acioss it, can be varied from 4 that of 
the supply to its full value, while by keeping 1 lamp in i? 3 and varying if, 
tho volts across i?, con bo varied from 4 that of the supply to 0 ; thus 
covering the full range of supply volts on it,. 
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(6) Plot “calibration curves” having values of true voltage 
(t>) as tfrdinatcs and V as abscisste. 

• Inferences. — Enumerate any sources of error in voltmeters 
generally. State clearly what you can infer from the results of 
yqur tests. 

# 

(9) Calibration of a Voltmeter by Comparison 
with a Kelvin Composite Balance used as 
a Voltmeter. 


• Introduction. — The composite balanco when used in con- 
junction with separate anti-inductive resistances may be con- 
veniently employed as a standard direct or alternating current 
voltmeter capable of measuring pressures up to about 600 volts. 

' The following method assumes the use of such an instrument, and 
the reader should refer to p. 654, et seq ., for the construction and 
mode of using this form of balanco and for the tablo of constants 
and sensibilities. 


Apparatus. — Adjustable, fairly high resistance R (p. 603); 


switch S; voltmeter V to 
be calibrated; Kelvin Com- 
posite Balanco K.R., with 




its non-inductive resistance 
r (p. 553); battery of second- 
ary cells capable of giving 
the maximum voltage to bo 
used, which we therefore 




assume to be direct. 


Fio. 11. 


Observations.— (1) Connect up as in Fig. 11, adjusting both 
instruments carefully to zero, and make quite certain that the 
connections are as indicated. 


(2) Turn the switch in front of the balanco to “ Volts ” so as 
to place the fixed and movable fine wire coils in series with one 
another across the terminals. Obscrvo that the anti-inductive, 
resistance r is numbered the same as, and therefore belongs to 
the balance in use, and make quite suro of having tho correct 
lesistances in it in use (p. 556). 

(3) Adjust the balanco and its sensibility by employing the 
proper weights as given in the table of constants (p. 556), so that 
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the maximum voltage to be measured on V would produco as 
nearly as possible a full scalo reading on K.B . • 

(4) With R as large as it can be, close S } and obtain aboifb 
of the maximum scalo reading on V by altering R. itfote 

simultaneously the reading on V and position (d) of the slicker 
of K.B. 

(5) Kopeat 4 for some ten different values of voltage on V 
(by altering R or the number of cells in the battery) rising by 
about equal increments to the maximum. 

(6) Ke} eat obs. 5 for a similar set of decreasing voltages, and 
tabulate your results as follows — 


Namk . . . Date . . . 

Composite Balance : No. . . . Constants . . . Voltmotcr tested. . . . Tomp. = . . . *0. 


Slider reading 

VolU 

Cm i o< ted 

Heading on V. 

% Ki ror of 

V. 


K.d. 

Volts gy 

Ascending 1 Descending 




. 1 



N.IL-Tha values /rare tho readings on tho standaid conoctcd for temperature. 


(7) Plot a calibration curve for tho voltmeter tested having 
readings on V as ordinates and truo volts V T as abscissae. 

Inferences.— What sources of orror aro voltmeters in general 
liable to 1 Can anything in particular be inferred from tho above 
results] 

(io) Calibration of a Voltmeter by Comparison 
with a Kelvin Centi-ampere balance used 
as a Voltmeter. 

Introduction. — The Kelvin Standard Centi-ampere balance 
when used in conjunction with extra anti-inductive resistances 
constitutes a most convenient standard voltmeter with which to 
compare any other voltmeter to bo calibrated, up to about 800 
volts. 

For larger voltages, up to 2500 volts, special non-inductive 
high resistances are provided for inserting in series with the 
coils of the instrument. Tho combination then constitutes a 
standard voltmeter by means of which any other voltmeter, either 
for direct or alternating currents, reading up to 2500 volts, can 
be calibrated, by comparison, in the ordinary way, 

A complete description of this balance, together with the 
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method of using it, will be found on p. 646 et seq. } where the 
table <rf constants is given. 

\ In the present test the apparatus, observations and inferences 
are precisely similar to that of the corresponding calibration by 
iqpans of the composite balance used as a voltmeter, the centi- 
ampere balance being substituted for this latfter. They will 
consequently not be repeated hero, but may be seen on p. 21. 

(n) Calibration of a Direct Current Voltmeter. 
(Crompton Potentiometer Method.) 

• Introduction. — The method is a very convenient and accurate 
one for the purpose, and consists in calibrating the voltmeter to 
be tested in terms of the E.M.F. of a Clark’s standard cell, a 
knowi* fraction only of the voltage applied to the instrument 
being actually compared with tho standard E.M.F. The principle 
of the method is identical with that of the “ Clark-Poggendorll ” 
method for comparing two or more E.M.F.’s, a full description of 
svhich will ho found in a sopmito work, by tho author, on 
Practical Electrical Testing , for 1st and 2nd year students and 
jthers. The Crompton Potentiometer is a specially arranged 
form of comparing instrument by means of which the calibration 
jan bo easily and quickly carried out. A detailed description of 
t will bo found on p. 510, to which tho reader should in the first 
nstance refer. Thero aro three extremely important features in 
:onncction with the present method, using tho potentiometer ; 
irstly, tho enormous range of applicability, for tho instrument 
;an bo used equally well in tho measurement of current and 
•osisfcance as well as voltages from 0 to almost any practical 
imount ; secondly, the measurements aro in terms of the official 
3oaId of Trado Standard —the Clark cell — though any other 
tandard can be used ; thirdly, the accuracy is great and under 
•rdinary conditions tho measurements are accurate to at least 
1 (T %, and with care, using a very accurately adjusted instrument, 
ccuracy to something like -j 0 -% can be obtained. In this form* 
>f potentiometer the highest voltage which can be compared 
irecfcly is 1*5 volts, and hence the fractions employed of all 
ligher pressures to be measured must fall within this limit. 

Apparatus. — Crompton potentiometer P (Fig. 208) ; secondary 
>attery B capable of giving the maximum voltage required for a 
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full scale reading on the voltmeter V to be calibrated ; key or 
switch S; one secondary coll (b) for the “working cell ” r of the 
potentiometer ; “ volt box,” i.e. divided resistance acd for obtaining 
a fraction (less than 1*5 volts) of the total P.D. to be measured 
(p. 521); sonsitivo D* Arson val or moving coil galvanometer {g) 
(p. 509) ; standard Clark cell E\ fairly high resistance rheostats 
(p. 603). See footnoto, p. 20. 



Observations.— (1) After placing the lovers of G and E on 
studs 14 and that of // on studs 1 or 2 for precaution, connect 
up as in Fig. 12, in which only the row of terminals on the 
potentiometer /* is shown, symbolically, for the sake of brevity. 

(2) Adjust the spot of light of tho galvanometer to somewhere 
about zero on the scale, and the resistance ad and cd in the “ volt 
box:” so that = of ad, supposing, of course, that not more 
than 150 volt3 is across ad. Carefully level and adjust V to 
zero if it requires it. 

(3) “ Set tho potentiometer ” by the standard cell in the way 
described on p. 01 4, the contact lever//, Fig. 208, p. 512, being on 
studs IV, tlius inserting E in the circuit of g in such a way as 
to oppose that of b, close S, and adjust R so as to obtain the full 
scale deflection on V. 

Note. — This last operation will only be possible when R is 
comparable with the parallel resistance of ad and V. If both 
these are very high then altering R will have very little effect on 
the reading of V unless R is high also in comparison. 

(4) With the positions of the resistances G x and G (Fig. 208, 
p. 512), as found in 3, unaltered, turn the lever of II to studs 
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III so as to throw into circuit with g the y^th part of the 
voltmeter P.D., which was across terminals III. Now adjust the 
l&vqf of the resistances E, Fig. 208, and the sliding key C, Fig. 
208, 60 that no deflection occurs on pressing this latter. 

^N.B.— *If no balance can bo obtained owing to there being no 
reversal of deflection on g , the fractional P.I5. across III is 
assisting Instead of opposing (as it should be) the fall of potential 
due to (i b ) in the stretched wire. The wires from cd to III must 
then be interchanged. If the lever at E is on stud 12 
(literally 12,000) and the slider C at 625 on the scale, the voltage 
across ad, i. e. at the terminals of F- 126*25 volts. Note these 
positions on PP, and simultaneously the reading V on the instru- 
ment to be calibrated. 

(5) Reduco V by about ^ either by cutting out cells in B or 
'by altering R or both, and repeat 4, noting the new values of 

V and PP. Turn II to IV for a moment and seo whether the 
balance in obs. 3 still holds, if not ro-set as in obs. 3 above. 

(6) Repeat 4 and 5 for somo ten or twelve different 
readings on V decreasing by about equal amounts to tho lowest. 

(7) Repeat 4 to 6 for a similar ascending set of observations, 
and tabulate your results as follows — 

Nam* . . . Pat* . . . 

Clark Cr 11: No. . . . Temncr.ituro a . . . ° C K.M F. Assumed = . . . Volta. 
Volt Hot : Fraction of total usod „ . . . Potentiometer Betting B on . . . Cat . . . 


Voltmeter 

Beading 

V. 

Potentiometer Bending, 

True Volts Across. 

Error of 
Voltmeter 
Vi~V. 

% Error. 

Stud of E 

Position of 
Slider C. 

Fraction cd 
*. 

Voltmeter 









As it may sometimes be the case that a Corhart-Clark and not 
a Clark's standard cell has to be used, care should be taken that 
tho E.M.F. assumed at the particular temperature is correct, tho 
temperature coefficient of E.M.F, being very different in the two 
cases (vide pp. 17 and 643). 

(8) Plot a calibration curve for tho voltmeter tested having 
values of V as ordinates and true volts V x as abscissae. 

Inferences. — What can you infer from the results of your test! 
Are there any sources of error which might vitiate the results? 
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(12) Calibration of a High Tension Alternating 
Current Voltmeter. • ' 

Introduction.— In the ordinary high tension system^ of dis- 
tribution of electrical energy by alternating currents, the average 
working pressures aro about 2000 or 2500 volts. Th& “ electro- 
magnetic” and “hot wire” types of voltmeters are unsuitable 
for measuring such high pressures, which can best be dealt with 
by means of a third class of instrument known as the electro- 
static voltmeter, a description of two forms of which will bo 
found in the Appendix (p. 562). 

These instruments aro almost universally employed for measur- 
ing alternating current pressure, and they have the all-important 
advantage of being unaffected by variation of frequency. Owing 
usually to the difficulty experienced in obtaining direct current 
pressures of the above magnitude for testing purposes, alternating 
currents have nearly always to be employed for calibrating high 
tension voltmeters. Thus it will bo seen that nono of the pre- 
ceding methods aro available in the present case, but the 
calibration can be effected by what may be termed the “ fractional 
potential difference” method, using an accurately calibrated low 
tension electrostatic voltmeter for comparison in the mannor to 
be described later. 

This low tension voltmetor, which may conveniently be one 
of Lord Kolvin’s multi-cellular electrostatic instruments reading 
to, say, 150 volts, should be very carefully calibrated by one of 
the preceding methods — preferably the potentiometer, ono using 
a Clark's cell as a standard of Jfi.M.F. and direct current pres- 
sures of courso. For accurate work, howover, the following 
remarks should bo observed. In these voltmeters the movable 
needle system is usually aluminium and the fixed system brass, 
whence owing to aluminium being elcctro-positivo to brass, the 
^instrument will road from 0'2 volt to 0 3 volt too lew when the. 
+ T8 pole of tlio direct current source is connected to needle, and 
the same amount too high if the — Te is joined to the needle system 
instead. In calibrating this low reading voltmeter by the 
potentiometer, it should be connected up through a reversing key 
to the rest of the apparatus and the mean of the readings, before 
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and after reversing the polarity on its terminals, taken as the 
correct? one for alternating currents, since when used with such 
tile |ibove-named error does not occur. Again with direct currents 
an electrostatic voltmeter passes no current, but owing to it 
p^ssessiil^ a perfectly definite though very small capacity, it will 
behave like a condenser with alternating curreifts, i. e. a pulsat- 
ing or “charge and discharge” current will be set up in its 
circuit. Thus it will be seen that if, as in the present method, 
such an instrument is shunted across part of a circuit carrying 
an alternating current, the current in the voltmeter branch may 
Ue quite comparable with that in the main circuit, in other words 
the P.D. botween the points to which it is shunted would be 
lowered soinowhat by the voltmeter, and would not boar to 
the whole P.D. tho ratio of the resistance of the two portions of 
tho circuit. To avoid such an error the resistance of the main 
circuit should be such that the maximum pressuro to be used 
sends a sensible current such as from J to i an ampere through 
it, which will consequently bo very largo compared with the 
current in tho voltmeter branch. Thus tho presenco of this latter 
will not affect the value of tho P.D. botween tho two points to 
which it is applied, and consequently tho ratio of tho whole P.D. 
to tho fraction thus tapped will equal tho ratio of the whole 
resistance to the fraction across which tho electrostatic voltmeter 
is placed. 

Apparatus. — Alternator A, capable of supplying a low pressure, 


and of being driven {it 
any required speed by 
a direct current, electro- 
motor (preferably), or 
other primo mover, its 
exciting circuit E con- 
sisting of the field coils 
of A (shown), together 
* with switch, rheostat, 
ammeter and source of 



Fio. 13. 


excitation (not shown), but which can bo varied so as to vary the 
E.M.F. of A ; step-up transformer T capiblo of increasing the 
pressure from that of A to the maximum required for a full 
scale reading on tho high tension voltmeter V to be calibrated ; 
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low tension electrostatic voltmeter ( v ) (p. 562), reading to say 
150 volts, and which has boon previously “carefully calibrated by 
reforonce to a standard Clark cell on the potontiometer ) switch 
8 , , A divided non-inductive high resistance ( acb ) capable of 
standing the highest pressure to bo used on V f and of carrying 
an appreciable durront, say of the order' of ^ to ^ an ampere 
continuously without excessive heating. 

Caution. — Cinder no circumstances whatever is any part of tbo 
high tension circuit to bo touched while “ alive,” and the india- 
rubber gloves are to bo worn throughout tho test by the operator 
reading the electrostatic voltmeters. , 

Observations— (1) Connect up as in Fig. 13, and carefully 
level and adjust the pointers of V and r to zero. For the high 
tension sido use well-insulated wires for tho connections, and 
keep them in mid-air as much as possible. 

(2) If the voltmeter V to bo calibrated reads up to, say, 2500 
volts, and v to only 150 volts, place this latter across a convenient 
fraction (ac),sny ^th of tho wbolo non-inductive resistance (ab) t 
which in this case may conveniently bo something like 5000 
Ohms. 

(3) Start tho alternator A , closo 8, and then adjust the speed 
and excitation so as to obtain the lowest scale reading on V. 
Noto simultaneously that on (r) also. 

(4) llepeat 3 For ton or twelve different voltages on V, rising 
by about equal increments to the maximum, and tabulate as 
follows— 


Name . . . Date . . . 

II. T. Voltmeter tested : No. . . . Typo . . Hang® . . . Made by . . . 

Wholo rc'iirtt.nico Jiab— . . . Olnns. Fraction used Rae -■ . . . Olmn. ■ • < 


V. 

Heading on r. 

Tiue voltago 
!<<* 

% Eiror of 
meter tested 

100 Fj). 

Error. 

r. J Coirectcd ^ 







(5) Plot a calibration curve for the high tension voltmeter 
having values of V as ordinates and true volts as abscissae. 

Inferences. — Enumerate what you consider to be tho advan- 
tages and disadvantages of electrostatic voltmeters. 
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(13) Complete Test of both Direct and Alter- 

* , nating Current Ammeters and Voltmeters 

for the various sources of Errors. 

"introduction.— The principle involved in the fiction of any typo of 
ammeter or voltmeter will come under one of tho following heads — 

(1) Heating effect of the current or P.D. to be measured. 

(2) Electrostatic effect of attraction or repulsion between fixed 
and movable conducting surfaces, close to, but insulated from one 
another, when electrified to opposite potentials. 

* (3) Electro-magnetic effect of the current in a coil of wire on 
iron or vice versd. 

(4) Electro-dynamic action of tho current in one part of circuit 
. on the same current in another part of that circuit, causing 
electro-dynamic attraction or repulsion between tho two. 

There are briefly eight principal sources of error to which 
ammeters and voltmeters in general are liable, namely — 

(a) Error in the calibration owing to the standards employed 
in tho two cases being different. 

(i) Error through a partial demagnetization of the permanent 
field, causing an alteration in the sensibility, in the case of per- 
manent steel magnet instruments. 

(c) Error caused by tho sensibility of the instrument being 
temporarily altered by external magnetic influence. 

{ [d ) Error due to a current producing a different deflection 
depending on the magnitude of the current previously measured 
compared with tho one in use at tho time. 

(e) Error duo to tho instrument giving a different scalo reading 
for different directions of the same current. 

(/) Error in the case of voltmeters due to alteration of the 
resistance of the instrument caused by change of temperature, 
whether from the room or passage of the current. 

(g) Error in alternating current instrument due to alteration 
of frequency. 

(Jt) Error due to friction at the pivots in all classes. 

Error (a) applies to all four classes of instruments, and cannot 
very well be remedied except by re-calibration. 

It is clear that classes 1 and 2, being entirely non-magnetic, 
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may be dismissed as not being liable to magnetic errors. Class 
3, however, and 4, which latter type may dr may not contain iron, 
are liable to largo errors arising in the caso of direct currents 
from the retontivity of tho iron used (error d), or magnetic 
hysteresis, and from tho proximity of, and the external ^magnetic 
effect of currents in neighbouring wires and of magnets (error c). 
In tho case of alternating currents from hysteresis, eddy currents 
in tho metal work about the instrument re-acting on the coil, and 
change of frequency (error <j) iti tho alternating current. 



(l) ( n ) 

Fto. 1 i. 


In this lattor class of work the instruments should contain 
no iron at nil, and very few metal fittings. In good direct current 
instruments whero iron is a necessity, it should be very soft, and 
well laminated, and tlioro should not bo much of it. 

Apparatus. — Ammeter or voltmeter M to bo tested ; suitable 
variablo rheostat Ji, which in the caso of tho ammeter test must 
be eapablo of carrying the maximum current required by M, and 
in the caso of the voltmeter test must have a large resistance so 
as to be quite comparable with that of M ; switch, or koy S\ 
source of electrical supply E, whether direct, or alternating 
current ; standard accurately calibrated ammeter or voltmeter Ms 
which must not contain any iron, and preferably no metal fixings. 
«. N.B. — The standard Ms may be either a Kelvin standard 
balance (p. CI6) ; Siemons eleefro-dynamometer (p, 577); Cardew, 
or electrostatic voltmeter (p. 502), preferably the latter, which not 
only is non-magnetic, but also has no temperaturo error. See 
footnote, p. 20, 

Observations. — (1) If an ammeter is being tested, connect up as 
in Fig. 14 (I), but if it is a voltmeter, then as in Fig. 14 (II). Care- 
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fully adjust the pointers of IT and M s to zero if they require it, 
levelling them also when necessary so that all moving parts can 
move quite freely. Place M and M s at some distanco apart so 
that # there can bo no possibility of one affecting the other. Also 
run the connecting leads close together so that their magnetic 
effect due to the current in thorn may not affect the instruments. 

(2) Error due to External Magnetic Effect. (A.) 

With Ii at its maximum, close S, and obtain about } full scale 
reading on M. Note the corresponding reading of M$, which 
must bo kept quite constant and steady when no magnet is near. . 
Now movo a powerful permanent magnet in a plane perpendicular 
to the axis about which tho moving system of M oscillates and 
passing through its centre, tho axis of tho magnet pointing to M 
* always, and its pole nearest to M being moved so as to bo always 
at about 12" say from M. Note tho alteration (if any) of the 
reading of JI. 

(3) Repeat 2 for a full scale deflection on M. 

(4) Repeat tho last part of 2, pertaining to tho motion of the 
magnet, with no current flowin'/, i.o. S open, and tabulate your 
results us shown in tho table below. 

N.B. — The magnet must not be allowed to affect Ms in any way, 
and the latter must bo far ouough away to ensure that this is thecase. 

If M is an alternating current instrument, and an alternating 
supply is being used, the/rcywcncymustbQinaintainodccnw^rjn^ in 
2 and 3 above, as well as the reading of M s in the particular test. 

(5) Error due to Retuntivity or Residual Magnetism. (B.) 

With R a maximum, closo S, and care/uUr / take a gradually 
increasin' / set of about ten simultaneous readings on M and M» 
from tho lowest to full scale, by gradually diminishing R, gently 
tapping tho instruments to eliminate any pivot friction. 

(6) Repeat for a similarly obtained decreasing set, the same • 
scale reading of tho standard Mg being obtained when descending 
as was obtained on ascending. Tabulate your results as indicated 
ir the following table. 

N.B. — This test of course only applies to direct current instru- 
ment*, and tho error in question may amount to over 20%. 
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Standard Instrument used : Type . . . No, , , , Maker . . . Constant* . . . 

Instrument tested : Type . . . No. . . . Mafcer . . . 


| A. External Magnetism. 

B. Retentivity or Residual Magnetism. c | 

Position of 
Influencing 
magnet. 

Reading on 

Reading on 

Emir. 

• ’ 

Frequency 
(constant) 
ft alternating 
current 
used. 

u* 

u. 

Mi 

seconding 

and 

descending. 

M 

ascending. 

«*3/ 

descending. 









(7) ERROR DUE TO VARIATION OF “ FREQUENCY " WITH 
Alternating Current instruments. (0.) 

Close S, and adjust R to give some convenient scale deflection 
on M and Ms, which latter must bo kept constant by means of R. 
Now vary the frequency, by altering the speed of the alternator 
if this is undor control, from the smallest to the greatest ^possible 
so as to obtain about ten different values, and note the .-simul- 
taneous readings on M and Ms at each. 

(8) Error due to Eddy Currents in metal fixings with 

Alternating Currents. (D.) 

If either M or Ms possesses a moving coil, the terminals of 
which can bo got at to fiend a current through this coil only of 
the instrument, as in either a Kelvin balance, Siemens dynamo- 
meter, or Parr direct reading dynamometer instruments. Pro- 
ceed as follows— Adjust the pointer of this instrument carefully 
to zero, and send the maximum alternating current through this 
moving coil alone, noting whether it deflects. If it does, eddy 
curronts are being set up in the metal fixings and re-act on the 
moving coil causing it to deflect. 

(9) llepeat 8 for the samo current at different frequencies, and 
tabulate your results as in the following table — 


Standard Instrument used : Type ... No. . . Maker . . , Constant* . . . 

Instrument tested : Type ... No. . . . Muker . . . 


0. Effect of Frequency. 

D. Eddy Ciments. 

Frequency 
oo per boo. 

Reading o-i 

Frequency 
to per see. 

Reading on 

Mt. M. 

Mi. M. 
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(10/ Error due to Reversal of Current Tnnoucn the 

INSTRUMENT. (E.) 

Connect up as shown in Fig. 14, but instead 'of connecting 31 
difectly in series as shown, join it up now to tha circuit through 
a reversing switch or key, so that the current through it may bo 
reversod in direction though that in the rest of the circuit and 
therefore through Ms is still unidirectional. 

With It large, close 8, and obtain say \ full scale deflection 
on M, noting that on Jf$ which must bo constant; now reverse 
cflrrent in 31 and again note its value for the same one as before 
on Ms. Next rc-revorso and noto it again. 

(11) ltepoat this opuiation for about 5 scale readings on M 
,up to the maximum at roughly equal intervals. 

N.B. — This test of course only applies to direct cun ent instru- 
ments.* Tabulate as follows — 


Standard instrument used : Tjpn ... No . . . MAcr . . . Constant* . . 

Instrument tested : Tjpo • • • No . . Maker . . . 


K. Efflct ul’Cuu.nt lleu-ml. | 

F. llf-at 

n« KflVct. 


Raiding of | 


Handing on 


JU duoot'on <>f nil unit. 

Tina 1 of 
Running Jlmirt 



(constant). 

<— 

ItHViTsi'd Re-ie\(*iM*(l 

Ms. 

M 



1 

1 

_ 



ylil) Error in Voltmeters (only) due to Heating of Coils 
11 Y PASSAGE OF CURRENT. (F.) 

Close S, and adjust It to obtain about i scale reading on 3f } 
noto the corresponding reading on Ms which must bo an electro- 
static voltmeter. Maintain Ms constant for, say, quarter of an 
hour and again read M. 

(13) Repeat 12 for a full scale reading on J/, and tabulate os 
before. 

N.l). — The error in voltmeters duo to change in the tempera- 
ture of the room is readily calculable when the latter is obtained 
by a thermometer, 

D 
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(14) Plot tho following curves for tests — 

B. Having readings on M as ordinates, and Ms as abscissae 
for both ascending and descending curves. • 

* C. Having readings on M as ordinates and frequency in v> per 
sec. as abscissas. • 4 

I). Having readings on M as ordinates and frequency in </> per 
sec. as abscissa?. 

Inferences. - Stalo very clearly and concisely what you can 
infer from the results of your observations. 


(14) Calibration of a Wattmeter by Compari- 
son with a Kelvin Composite Balance 
used as a Wattmeter. 

Introduction— The following is a convenient method of 
calibrating a Wattmeter by means of direct currents, using a 
Kelvin composite balance as tho standard Wattmeter with 
which to compare the one to be tested. Tho construction of 
tho balance is detailed on p. fiM, wliero the modo of using it 
as a Wattmeter is also given, and it will merely suffice to say 
hero that it is used very similarly to the Hekto-nmpero meter, 
the only difference being that as a Wattmeter, the line wire 
movable coils (only) aro placed in series with an extra anti- 
inductivo resistance across tho mains supplying the power 
measured by both Wattmeters. It may hero he noted that it 
is not necessary for tho current through tho thick winding and 
the pressure across the thin coils to be developed by one and 
the same source. For since tins Wattmeter deflection is oc to 
the products of tho currents flowing through tho two coils, 
clearly these may come from two totally different sources. In 
fact it is distinctly preferable to have thorn separate when 
possible, for then the variations of tho main current will not 
* affect the constancy of tho pressure on the line coils. 

Tin's same test serves to determine tho “ constant ” (AY say) 
of the Wattmeter, or in other words tho number by which the 
scale reading must be multiplied so as to obtain the power in 
Watts. 

The following reasoning will no doubt render this clearer. 
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Assuming the general principle and construction of, suppose, . 
a Siemens Wattmeter to be understood. Let C and o ~ the, 
currents flowing through the iixed thick- and movable thin-wiro 
coils’respectively when a deflection of the torsion head and its 
pointer on the scale is D° or divisions. Then the forco acting 
between tho coils is x C x c, but (c) oc to the pressure V at the 
terminals. Hence the deflecting couple acting between the coils 
oc C x V x Watts. Now when tho index is brought back to 
0 again by turning the torsion head, thereby twisting up the 
spring and introducing the control, we have — torsion of spring 
oc Watts oc CV; but tho force of torsion is cc to angle of 
torsion of such n spring, 

1 ) oc CV 

or 1(D — CV - Watts measured and causing a deflection Z>, 
.where K is tho “constant” of tho Wattmeter tested. It may 
bo found that K is not perfectly constant throughout the whole 
scale. In tills case tho Watts should bo obtained from a calibration 
curve rather than by tho product AT). 



Apparatus. — Kelvin composite balance (K.B.) (p. 551), with its 
anti-inductive resistance r (p. 553); switch S; variable power- 
absorbing resistance It (p. GOG) ; accurate voltmeter V (preferably 
electrostatic); main current battery Ji ; Wattmeter (IK) to bo 
calibrated ; [pressure battery b and adjustable resistance L\ if 
available (Fig. 10)]; adjusting rheostat // 2 (p. 597). 

Observations. — (1) Connoct up eitlior as in Fig. 15 or 16, and 
in the present test assumo the. latter for actual ex|»erimerit, and 
make quite certain that the connections are as indicated in Fig. 16. 

(2) Carefully level the instruments that require it, adjusting 
their pointers to zero, and if )V has a suspended coil see that this 
is quite free to move. 
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Note. — Care should he taken to run the “leading in” and 
“out” wires carrying the main current to W t and in "the rest 
of the circuit close together or twisted in order that the cfir- 
rents flowing in them shall exert no magnetic influence on the 
instruments. .. 1 , 

(3) Turn the switch on the balance to “ 1 Vatis ” so as to place 
the movable fine wire coils across the small terminals. Observe 
whether (r) is numbered the same as, and thereforo belongs 
to the balance in use, and make quite certain that the correct 
resistance is being used in (?•) (p. 553). 



Fia. 1C. 


(4) Adjust the balance and its sensibility by using the proper 
weights as givcu in the table of constants (p. 558), so that the 
maximum Watts to bo measured on W would givo, as nearly as 
possible, a full scale reading on K.B . 

(5) With B 1 fairly large, close S 1 and adjust the voltago as 
read off on V to the desired amount by altering 1\\, and then 
maintain this voltage constaut, observing that it is so before 
taking every reading. 

(b) li being fairly large, close S t and alter R so as to obtain 
about -j-^th of the maximum scale reading on ]V. Note simul- 
taneously the reading on IK and position (d) of the slider of K.B^ 

(7) Repeut 6 for some ten different deflections on JF (by 
varying Ji) rising by about equal increments to the maximum, 
the pressuro remaining constant all the time. 

(8) Repeat obs. 7 for a similar set of decreasing readings 
on W, and tabulate your results as follows — 
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Navi . . . Pat* . . . 

O'mjo/dt^BaJamo No. . . . Constanta u*e'l K B . . . Temperature . . . # 0 

Watum-ter to- f etl Nr. . , , Maker . . . Range . . . Maker's Constant . . • 


” • 

filler 

Rornliug 
• d. 


Heading on IF. 

CoM»tant 

K „ A " 1 
" "’mean I) 

% Error of 
Wattmeter 

Mean 

X Error. 

Ascanding 

D. 

Descending 

D. 

i 








(9) Plot a “calibration” curvo for tlie Wattmeter tested having 
values of 1) as ordinates and true Watts as abscissa). 

Inferences. — What can bo inferred from Iho results of your 
tent? Aro Wattmeters subject to any sources of error, and if bo, 
how can they bo minimized or got rid of ? 

,(15) Calibration of a Wattmeter by Com- 
parison with a Standard Ammeter and 
Voltmeter. 

Introduction. — The following method of calibration by direct 
currents entails the use of an accurately calibrated standard 
ammeter and standard voltmeter. These may bo either Kelvin 
balances or ordinary instruments which havo recently been 
carefully compared with accurate standards, and a record of 
the calibration curves of which aro obtainable. 

It should bo remembered that the constant of a Wattmoter 
obtained with direct currents will only be true for alternating 
currents providing tho solf-iuduction of the fmo wire moving 
coil or its circuit is practically zero or very nearly so. In other 
words, the instrument must contain no iron and also bo very 
nearly “ non-inductive.” This is a matter of great importance, 
for Wattmeters aro in most cases only requirod to measure power 
in alternating current circuits. 

Apparatus. — Standard ammeter (,1) and voltmeter (F); Watt- 
motor (IF) to bo calibrated with its anti-inductive resistance 
(r) if thero is one; battery of secondary colls B; switch S', * 
suitable resistance It for absorbing power (p. (>0G), which must 
be non-induct i vo if alternating cui rents are employed; carbon 
rheostat (1th) (p. 597). 

Observations. — (1) Connect up as shown. Carefully level all 
the instruments, adjusting thoir pointers to zero, and see that 
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the swing coil of the Wattmeter is quite free to move. Care 
should bo taken to run the “leading in "and “out* wires 
carding the main current to the Wattmoter, cIjso togetl^r or 



twisted. Also the main wires of the rest of the circuit close 
together in order that tho current flowing in them shall exert' 
magnetic influonco on any of the instruments. 

(2) R being at its maximum value, close 8, and adjust R so 
as to obtain about -^th of tho full load current through If, tho 
prossuro being maintained at standard voltage by varying the 
carbon rheostat ( Rh ). Note the readings of all the instruments. 

(3) Repeat 2 for about ten different readings on )V rising by 
about equal increments to the maximum current allowable, and 
calculate for each the percentage error of tho Wattmeter and tho 
mean. Tabulate as follows — 


Nam* • Oat* . . . 

Non-Inductive Wattmeter : No . . . Maker . . . Temperature = . . . 0 C. 


True Volts. 
V. 

Tiuo Amps 
A. 

Truo Watts 
W^AV. 

Wattmetei 

Reading. 

D. 

Walt meter 
Constant. 

K Ji 

A ‘ I) 

Porcrntngo 

Knur 

of 

Wattmeter 

Mean 

Hi i or. 



i 

j_ 






(4) Plot a curve having values of (IK) as abscissae and tho 
corresponding Wattmeter readings (D) as ordinates. 


(16) Calibration of a Wattmeter with Alter- 
nating Currents. (Three-Voltmeter Method.) 

Introduction. — Wattmeters form a class of measuring instru- 
ment tho chief application of which consists in measuring 
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accurately the power takon up in alternating current circuits. 
The grfcat value of a Wattmeter in such measurements practi- 
caily.disappears with direct currents as the individual factors of 
power, namely “volts” and “ amperes,’' are usually here required, 
un*l in addition the product of the two can easily bo obtained 
and at once gives the “ true power.” With alternating currents, 
howover, this last remark is not true, and herein lies the great 
valuo of tho properly constructed Wattmeter, in that it measures 
the true powor in such a circuit. For it to bo capable of doing 
this, however, it must be carefully constructed, and there must 
b$ no iron and preferably no other metal work nonr tho coils. 
Wattmeters when used on alternating current circuits are liable 
to the following sources of orror: (a) owing to tho lino wiro 
coil possessing some self-induction and consequently impudence, 
•the current in it is not able to rise to the same maximum 
strength which it would do for a direct 1\1). of similar magni- 
tude; (b) this impodenco causes a lag in phase of tho current in 
the lino wiro coil behind tho P.D. across which it is placed. 

(c) A third source of error common .also to all voll meters, and 
occurring both with direct and alternating currents, is that due 
to tho alteration of the resistance of tho lino wire coil duo to 
change of temperature, and which can he minimized in the 
manner described later on. From the preceding remarks it will 
therefore bo evident that when a so-called “ Non-inductive Watt- 
meter” is calibrated with direct currents (which is usually the 
case) its “ constant ” so obtained will not he correct for alter- 
nating currents. The instrument will also read differently for 
variation of tho “ frequency ” of the current even though the 
actual power being measured remains the same. Thus a Watt- 
meter, may with advantage be calibrated with alternating currents 
on a circuit having the saino “constants,” namely voltage, 
frequency and “ wave form,” etc., as that in which it is 
eventually desired to measure the powor. The calibration can 
bo performed by what is commonly known as tho 3-voltmeter 1 
method of measuring power in alternating cuirent inductive 
circuits, and by it the “ true power ” may lie obtained with 
almost any degreo of accuracy desired by using an accurately 
calibrated voltmeter and by repeating the observation two or 
throe times, noting the mean. It has the advantage that only 
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one alternating current voltmeter is required, “ though threo 
similar ones may be used if available. * 

Apparatus.— Alternator J) and its exciting circuit (not shown) t 
under rheostatic control or 
other convenient sburce «,of 
alternating current supply; 
inductive portion PQ of tho 
circuit in series with a strictly 
non-inductive portion QR ; two 
2-way keys /q> (p. 587) ; Car- 
dew or low-reading electrostatic # 
Voltmeter V accurately cali- 
biated; main switch A; Watt- 
meter W to bo calibrated ; 
alternating current ammeter to* 
indicate the current merely 
for reference only. 

Note. — The resistances of 
rQ and QR should both be 
fairly small comparod with that of tho voltmeter V. 

Observations. — (1) Connect up as in Fig. 18, and adjust the 
pointers of all the instruments to zero, levelling such as need it. 

See that all lubricators in use feed properly, and then start 1). 

(2) Adjust tho speed of D so as to obtain tho desired 
u frequency/' say 100 per sec., at the same time varying tho 
excitation to get the proper voltage, supposo 100 volts across Pit. 
Adjust the resistance of PR so as to pass about T ^tb of the full 
load current (necessary to give a full scale reading on IK) through 
IF. Then the speed and voltage being constant, note the reading 
on Ay W, and in quick succession the voltages V v V 2 and V 
across PR, PQ, and QR respectively by moving ^ and k 3 simul- 
taneously. 

(3) Repeat 2 for about ten different currents rising by abqjit 
* equal increments to the maximum allowable. 

(4) Calculate tho power absorbed in PR from the relation 

Watts, 

where r is the ohmic resistance of QR. 

If r is unknown or liable to bo altered by the heating effect i g 




ELECTRICAL ENGINEERING TESTING 


41 


of the current, its value r = may be substituted in the above 
illation. If the current and voltage are sine functions, 


K2-K 


„ • 2K x K 2 

(5) Kepeat 2 — 4 for a different frequency, say 60 per sec., to 
see whether the Wattmeter “constant” (A r ) alters, and tabulate 
your results as follows — 


Name . . . Date . . . 

Wattmeter tested : No. . . . Maltor . . . Rnngn . . . Temperature . . . 


• 

Sptod 

rp.m. 

Fro- 

Tower 

Anglo 

r Olinis 


Volts. 

J I’ov.cr. 

| Wattmeter. 

| Niror. 

per see 

W 'U 

Jjig 

0° 

m, 'u\ 

lilt Amps. 
A. 

+H 

UpDfinnt 

AV. 

Tri,e 

H’l 

Heading 
it. | 

Constant 

KaW 'U\ 

j^jsfonn, 

_t — 



L_! 1 


1 




: 

H 


Note. — Errors made in measuring the voltages V, V l and V 2 
or in the graduation of the voltmeter scale will havo least effoct 
on the results when r r -E 2 . If tho formula in 4 is used with 
the substituted value of (r), this latter may consist of glow 
lamp*, ns the resistance may vary with tho different mean current 
strengths. 

(6) Plot a calibration curve for tho Wattmeter tested, having 
values of deflection d as ordinates and truo power )V } as 
abscissa?. 

Inference. — Provo tho formula given in 4 and state any 
assumption made in obtaining it. What inferences can you 
draw from the results of your test? and explain Avhy tho resist- 
ance of the voltmeter V should bo largo compared with either 
PQ or QR. 


(17) Calibration of a High Tension Watt- 
meter. (By Ohm’s Law, using an auxiliary 
transformer.) 

Introduction. — It is not always possible in actual practice and 
testing work to avoid the use of a Wattmeter on a high tension 
circuit, as for instance would be the case in measuring the 
efficiency of a high tension transformer run off the terminals 
of a high tension alternator. Tho Wattmeter in such a case 
should be a specially arranged one for tho following reasons 
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(1) Owing to the high pressure in the fine wire moving coil 

circuit, an extremely high non-inductive resistance, capable of 
standing the full pressure ficross its terminals, would otherwise 
have to be put in series with tho fine wire swing coil if an 
ordinary Wattmotor was employed. - • # 

(2) Owing to' the difficulty in obtaining the above resistance. 

(3) The risk entailed in handling such an instrument, and of 
the breakdown of tho insulation of the whole arrangement undor 
tho high pressure. 

The best arrangement of a high tension Wattmotor, and which 
gets over these difficulties, is that shown symbolically in Fig. 1J), 
together with the connections for its calibration. 

The Wattmeter W consists of an ordinary Siemons electro- 

dynamometer ; the mer- 
cury cups, forming tho* 
terminals of the. swing 
coil, are connected to 
a separate pair of ter- 
minals by the side of 
the other pair formiug 
those of tho fixed 
coil. There is thus no 
electrical connection 
between tho fixed and 
moving coils. These 
latter aro connected 
to the low pressure 
coil of a small auxiliary transformer T. The high tension sido 
of T is placed across tho high pressure mains (nun.), henqe the 
moving coil of W passes a current which depends on tho EjM.F. 
of nun., and at the same time there is no fear from a breakdown 
of insulation sinco both coils of JV aro passing ordinary cunents. 
The actual current which T sends through tho swing coil of W 
* may be as small as convenient. 

Apparatus. — High tension Wattmeter W to bo calibrated 
arranged as mentioned above, with its fixed and movable coils 
separate. Small auxiliary (H.T.) transformer T\ high and 
low tension electrostatic voltmeters V and v respectively; 
strictly non-inductive resistance ACB capable of being placed 
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across the (H.T.) mains m.m. f and of carrying enough current 
at tha£ pressure to enable a considerable scale deflection to 
b* obtained on IF. A part AC of the whole resistance A B 
should have such a value (r) and be of such a carrying capacity 
as* not td bo heated and changed by the current through ACB 
and as will have a P.D. across its terminals capable of being 
read on v. 

Note . — As a precaution, india-rubber gloves must be worn, 
and an india-rubber mat provided to stand on. 

Observation.— (1) Connect up as in Fig. 19, and adjust the 
instruments carefully to zero. 

(2) Close switch (S) and adjust V to read the desired amount 
which IF has to deal with on future occasions. Note the read- 
ings of # F, v, and IF, and tabulate as follows — 


Namr . . . Date . . . 

Wattmeter tested : No. . . . Milker . . . Range . . . Temi>erature . . . 


Non-Inductivo Resistances 

Voltages 

Current 
through A Cfi 

A ~ V f 

True mean 
Watts m ACB 
= VA 

Reading on 
Wattmeter 

Constant of 
Wattmeter 

W 'U~ K 

R. 

r. 

r 

— 








Inferences. — Is the method liable to any sources of error 1 and 
if so, state them. 


(18) Calibration of an Electricity Meter 
(on Constant Supply). 

Introduction. — An electricity meter, which performs the same 
kind of office to a consumer of electrical energy that a gas-meter 
doos to one using ordinary gas, is an electrical instrument that 
requires carefully calibrating or standardizing at some time or 
another. There are a great number of different forms of electricity 
meters, but they all come under one or other of four main classes, n 
namely— Electrolytic, Thermal, Motor, Clocks affected. It 
is not, however, our intention to dilate on these further as their 
theory and description comes under the scopo of the ordinary text- 
book, but there are some points in general which may be remarked. 
Practically all meters measure one or other of two things, namely, 
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(a) Ampere-hours, whon they are called quantity - or Coulomb 
meters, {b) Watt-hours, when they are termed Energy- or JoulS-meters, 
In most cases, though by no moans all, meters are graduate^ and 
read directly in the official “ Board of Trade Unit ” (1000 Watt* 
hours). It must not, however, be supposed that hecansS a meter 
read 8 Board of Trade units on its dials it is a true energy 
meter in the real senso of the word, i. e. a meter containing a 
current and pressure coil acting on ono another in a suitable 
manner, for if the pressure is pro-assumed and takon as being 
constant it is an easy matter to graduate and calibrate the dials 
of a Coulomb meter to read directly in B.O.T. units. This it mqtf 
be remarkod is generally done now. 

Apparatus. — Accurately calibrated ammeter A, and voltmoter V 
socondary battery B, or steady source of supply; switch powei 

absorbing resistance L, oi 
bank of lamps (p. • 598) : 
rheostat R (p. 597), whirl 
might be required for ad 
justing the pressuroon th( 
mains ; meter M to bi 
tested. When possible, it i; 
best and mostoconomical ir 
power used, to employ twi 
distinct circuits, ono giving the necessary voltage for the fim 
wire coil of M, if there is one, the other the necessary curron 
through the current circuit of M. These two sources must b 
secondary batteries if possible so as to bo quite constant. 

Note. — If the meter to be tested is an alternating current one 
then A and V should be alternating current instruments, such n 
a Siemens electro-dynamometer and electrostatic voltmeter re 
gpectively, or tho author’s instruments. R also should be non 
inductive, and L may preferably consist of a bank of lamps (p. 698 
or other non-inductive resistance. If au accurately calibrated nqn 
inductive Wattmeter is available, then tho true power given to x 
can at once be obtained irrespective of the nature of R and L and 
also without using A. In such cases the meter should be tested at 
different frequencies and on inductive loads. 

Observations.— (1) Fix up tho meter in a position as nearly 
vertical as possible and connect it in circuit so as to register tho 
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quantity (amp. -hours) or energy (Watt-hours) astho case may be, 
given fc> L. 

# * # (2^ If the meter is intended for use on 100 or 200 volt circuits, 
close S and vary L so as to absorb the full load current of the 
ureter, aid adjust R so that V roads the required voltage. 

(3) Open $ and take the dial readings of the meter. 

(4) At a known tabulated instant, switch on, and keep the 
current (/I) and pressure (V) constant for about \ hour by alter- 
ing 11 and L if necessary. Then switch off at a noted instant 
and take the dial readings again. 

# iff) Repeat 2, 3, and 4 for |, J and ^ full load currents 
through the meter, and tabulate as follows — 


Name . . . Date . . . 

Motet tested : Tj].i* . . Maker ... No. . . . 

• Amps. (lull load)= . . . Voltage (if aiij) . . . Dial reading m . . . 


Meter io ulmg 

Stait ft. | End ft. 

Amoiiiit 

Registered 

Mr 

Amps 

A 

Volts 

V. 

Timo 

rillouts) 

Tine nmp. 
or W att- 
hours. 

%onor o' 
Meter. 

1 








Inferences. — Stato the chief conditions which a meter of the 
above typo should fulfil. 


(19) Complete Test of an Electricity Meter. 

Introduction. — In order to completely test an electricity meter 
in the way that would bo advisable with any new type of instru- 
ment, three or four additional tests other than the preceding one 
should bo carried out and are as follows : — 

(a) Starting power of the Meter. — Obtained by carefully 
measuring the least current or Watts that will just cause the 
meter to start. It is obvious that such should not exceed the 
amount used up in the smallest lamp employed. 

(b) Effect of external Magnetism . — Which can be investigated 
by sending a steady current or number of Watts through the 
meter according to what it measures, and then bringing a strong 
magnet into a number of different positions about the outside of 
the meter. The record of the instrument taken over a sufficient 
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period for each position of the external raagne^ should remain 
unaltered. « 

(c) Power absorbed in the Shunt-coil— Some motors possess^ 
fine shunt .coil of considerable resistance for the purpose of pro- 
viding the instrument with a sufficient magnetic §eld t(*enabte it 
to start with a vary small current. The amount of power absorbed 
in this coil, if there is one, should be carefully measured and tho 
cost of it per annum calculated on the basis of say 3 d. to id. per 
B.T.U. if the supplier pays for it as lie should. It should also be 
observed whether this coil is across the lamp or supply side of tho 
meter in order to see if the consumer or supplier pays for the 
power so wasted, for in the aggregate tho cost of this may amount 
to a considerable sum in tho course of the year. 

(d) Gradual deterioration of working parts. — This is most 
important, but can only be determined by a “ time test ’’•extend-* 
ing over a considerable period amounting to months. 

Thus to furnish a true and accurate report on an electricity 
meter, investigations ( a — d) should be undertaken, and in addition 
the test immediately preceding them. 


(20) Measurement of a Resistance heated by 
an Electric Current. 

Introduction. — When a resistance is heated by tho passage of 
a current its value so heated may or may not bo very different 
from that when it is cold. Thus, for example, a resistance com- 
posed of the alloys Manganin or Eureka, etc., would alter its 
resistance very little for considerable changes of temperature; 
whereas if made of carbon, ‘the specific resistance of which dimin- 
ishes rapidly as tho temperature rises, the resistance would be 
very different when hot to what it would be while cold. In 
practice, however, one of two conditions may occur in connection 
with heated resistances, namely, (1) The type and form may be 
such that the temperature docs not fall very quickly immediately 
the current is cut off, thus enabling time measurements of resist- 
ance to be taken with, say, a Wheatstone Bridge or other suitable 
means, and the resistance hot, at the moment of breaking the 
current, to be obtained graphically by plotting the results; owing, 
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howevor, to the difficulty of taking rapid time measurements of 
resistance and the introduction of other errors we shall not con- 
sider this method further. (2) Tho typo of resistance may bo 
* such 'that the temperature falls very rapidly and far too quickly to 
enable n$iy measurements, as in 1 above, to be takon. Such is 
the case with the filament of an electric incandescent lamp, and in 
order to obtain its resistance (warm), accurately, during the pas- 
sage of a current , and which is absolutely necossary, another 
method has to be employed othor than that of the Wheatstone 
Bridge, etc. 

Though the results of tho present test will disclose tho fact, it 
may be mentioned here that tho filament resistance of an electric 
glow-lamp when burning normally is very different from that 
when cold. Thus this latter, which can best be obtained by tho 
• Wheatstone Bridge, would nob in any way represent tho true 
resistance whilo the filament is under working conditions. 

We will assume that the resistance in quostion is of the 
nature of an electric glow-lamp and therefore cools far too 
rapidly to allow of the employment of tho first method mentioned. 
For a concrete case suppose that the resistanco of the filament of 
an electric incandescent lamp is required at different luminosities, 
i. e. when different currents are passing through it. This resist- 
ance will diminish as the current increases, or as the temperature 
increases, owing to the specific resistance of carbon diminishing as 
the temperature rises. This property of carbon, in having a 
negative coefficient of variation of resistance with temperature, 
should be remembered as compared to the samo property of all 
the metals and nearly all the alloys, of which “ Manganin ” may 
be cited as an exception in having a negative coefficient. Tho 
present method is a direct application of Ohm’s Law, and consists 
in measuring the current through tho lamp and tho voltage across 
its terminals. There are, however, some precautions which have 
to be adopted in order to obtain tho true voltage and current , and 
these wo may now point out in connection with tho two arrange- # 
ments possible with this method. In each of tho cases I. and II. 

( V ) represents tho voltmeter, (^) the ammeter, and R the glow- 
lamp or other resistance to be moasured while hot. The rest of 
the main circuit is omitted for simplicity, but may comprise a 
suitable secondary *battory and a rheostat foi varying the current 
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through 12. In Case I. the voltmeter V is connected directly to 
the terminals of 12, hence the ammeter A will measure the sum of 



R 


(I) 



the currents through T r and R together. But the method requires 
the actual current through R only, which is found as follows — 
Let 7? r =tho true resistance of the voltmeter in ohms. * c 


Then 


- 77 - = the true current flowing through it in amperes, 
h r 


whence the actual current ihromjh R~A-—- amperes and the 

Jly 


y 

resistance of 11 (hot) y 

A - - ohms. 

h r 

To see the magnitude of the error causod by neglecting the 
correction for the voltmeter current, suppose V— 100 volts, R r = 
10,000 ohms and A reads 0'61 ampere. Then without correction: 

R (hot) = = 163 ’93 ohms, and with correction R (hot) 


V_ = 100_ 

llr 


100 

777.77 = 166 '60 ohms, 

O'uu 


Iu other words the error made in the resistance, neglecting the 
correction, = 1'64%. It should, however, bs remembered that 
the average commercial voltmeter has a resistance much less than 
10,000 ohms, and hence the above error would be much greater 
when using such. If R v — Infinity then no correction is neces- 


sary; for, the resistance of R (hot) then = 




V 

A 


ohms or the voltmeter passes no cwrent. 
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Such is the case with any electrostatic instrument such as the 
Kelvin dnulticellular voltmeter, the resistance of which is prac- 
tically infinite. It is therefore a good one to use for'the purpose. 

Tfn Vase II. the voltmeter is connected across tho ammeter and 
resistance combined, and it will therefore measuro the sum of the 
voftages across R and A. But the actual voltagtf across R only, 
is required by the method, and this is obtained as follows — 

Let R a = the true resistances of the ammeter in ohms. 

Then AH a — the true voltage across tho ammeter terminals, 
whence, the actual voltage across R — V - All A volts and tho 

resistance of R (hot) = ohms. 


To sco the orror caused by neglecting the voltnge lost in tho 
ammeter. Lot V read 100 volts and A icad 0*6 ampere, assume 
Ji A - 0i ohm, which is about the value for an instrument reading 
such small currents. Then we have 


without correction R (hot) 
and with correction R (hot) 


= -Z.s= =a 166-06 ohms. 
A 0*6 


V-ARa 

A 


100-0-06 _ 99 94 
•6 -6 


- 166*57"- 

Or the error made in not allowing for the loss of voltage in A 
is 0*054%. Thus, although the resistance of V can easily be 
measured on a Wheatstone Bridge and that of A either by the 
bridge or by the “ fall of Potential ” method (vide p. 84), 
when these cannot bo readily obtained, we see that Case II. will 
give the bost results and the freest of tho two from error by 
neglecting any corrections. 

Apparatus. — Accurate ammeter A and voltmeter V; the 
resistance R or glow-lamp to be measured while hot. The rest 
of the main circuit, if this is not already set up, comprising 
secondary battery, rheostat r, switch s, etc. Arrangements should 
be at hand for measuring the resistance of V and A , viz. — P. 0. 
Bridge, galvanometer, Leclnnchc cell and standard known 0*1 
ohm resistance, etc. 

Observations.— (1) Connect tip as in Case II. Fig. 21, and 
adjust tho pointers of V and A to zero. 

\ (2) Measure the resistance of the ammetor, voltmeter, and 
lamp (cold) by suitable means. 
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(3) Take a series of simultaneous readings* on A and V for 
different voltages, rising by intervals of 10% from 0 to within 
about 5% of the normal, and then by steps of 1% to 6% above 
normal voltage 

(4) "Repeat (3) above, using a rnetal filament lamp ^nsteac^of 
the carbon one, and tabulate thus — 

Name . . . Date . . . 

Nntuioof Resistance tested ... Resistance Cold = . . . (linns, 

A winder „ ■= . . . „ 

Voltmeter ,, Hy - . . . „ 


Rondin# an 
Voltmuter. 

True Volts ( V) 
Across Lamp. 

Cnrront through 
I^mp (A) Amps. 

Resistance (hut) 
V-AHt^ 

- — ^ — Ohms. 

X increase or 
doci case of resist, 
when hot. # 





1 


(5) Plot curves tor each lamp having values of lamp resistance 
as ordinates and corresponding currents through it and voltagesp 
across it, both as abscissae. 


(21) Measurement of the Efficiency and 
Candle Power of Electric Glow Lamps. 

Introduction. — At the present day, when new forms of electric 
incandescent lamps are frequently making their appearauce before 
the general public, or otherwise, it becomes of scientific interest 
and often of practical importance to thoroughly test the advan- 
tages claimed for these particular forms, and to discover their 
disadvantages. Amongst others, the chief investigations should 
be— 

(a) The efficiency at and about the normal or rated voltage, 
stamped on the lamp by tho makers. This is reckoned in “ Watts 
per candle” for commercial purposes, though it should more 
correctly be termed its “in-efficieno} 7 .” The number of u candles 
per Watt ” moro properly denotes the efficiency of a glow lamp 
as a light-emitting source. 

(/?) The candle power (U.P.) at tho rated voltage and in a given 
direction. 

(y) At what efficiency, the total cost of operating this 
particular form of lamp, is a minimum. 

These three investigations are of considerable moment to the 
user of such lamps, and the results practically decide whether his 
annual expense of electric lighting, using such a form of lamp, 
would be greater or less than with the present lamps in use. It 
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may probably be the case that it is impossible to do anything 
with the investigation marked (y), owing to thero being insuffi- 
cityt data to hand, the data required being (1) the cost of energy 
supplied, (2) the cost of lamp, (3) rate of variation of the life 
wtyh Watts per candle, which is the most difficult item of the 



Fio. 22. 

three to obtain. For purposos of discussion, however, as this 
particular question is of considerable interest, wo will assume 
that very carefully-made tests give the relation between the life 
in hours of the lamp and the efficiency, or Watts per candle 
used, as shown in curve A , Fig. 22. Then on plotting curves B 
of the same fig., the cost of lamp renewals per hour will give us 
the curve NPR, and the cost of energy per candlc-hour will give 
us the straight lino OPQ. Summing the ordinatos of the two 
curves, wo get the third curve NTS convex to the abscissa) and 
representing the total cost of the only two sources of expenditure, 
namely, cost of lamps and cost of energy, If now an ordinate 
through the lowest point T of this third curve cuts the abscissa) 
in the point /I, then 01) (in this case 3'8) gives the efficiency, or 
Watts per candle, at which the total cost of operating this form 
of lamp is a minimum for tho particular electrical supply taken. 

The two first-named investigations (a and /?) are contained 
in the following relations, which must be determined, viz. — 
the variation of C.P. with (1) amperes, (2) volts, (3) Watts, 
(4) efficiency (Watts per candle), (5) resistance of filament, and 
• (6) the cost per candle-hour for energy with efficiency. 
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The candle power may be obtained by * employing some 
convenient form of photometer, such as any one ctf those 
described on p. 589. We shall, howover, here assume the use of'a 
Bunsen grease-spot photometer, the carriage of which slides along 
an ordinary straight graduated bank or benth containing the 
standard of light at one end and the glow lamp to be tested at 
the other/ If now C =# the C.P. of the standard of light, and (d) 
its distance from the grease spot when “ balance/’ in the manner 
to be described later, is obtained, also if D — distanco between 
standard and lamp to be tested, then the C.P. of this lamp is 

d - 

Now to facilitate working out the results of the tests, a cali- 
bration curve for the photometer bench may be drawn from 
calculations in which values of (d) aro abscissae, and the corre r 

sponding ones for as ordinates. Thus tho ordinates of 

this curve x by tho C.P. of tho standard will give directly the 
C.P. of the Jnmp to be tested corresponding to the particular 

distance ( d ). Tho values of for various values of d 

when 2, 3, 4, 5 and 6 metres, are given in the Table, p. G51, 
and they will be found to save a great deal of time in working out 
* tho results of photometric tests in general. Intermediate values 
not given in the tablo can best bo obtained from tho curve plotted 
between the numbers pertaining to the value of D used in the 

test and the values of . 

Referring to the above formula for calculating the unknown 
C.P., we see that any error made in reading the true position of the 
carriage carrying the “ grease spot” or other balancing device will 
have minimum effect when K = C or d = (D - d ), i. e. when this 
carriage is at iho midway position between the two sources of light. 
The same kind of thing occurs in the case of measurements of 
resistance by the ‘‘Metre Bridge.” To fulfil, howover, tho 
relation just mentioned, it will in most cases be necessary to 
employ a subsidiary or intermediate standard of light, such as a 
good electric glow lamp, which lias itself been very carefully 
standardized by reference to an ordinary smaller standard. 
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Considerable difficulty may sometimes be experienced in 
balancing on the photometer with tho naked eye when different 
, sources of light are being compared owing to the difference in 
colour of the lights. In such cases it is of advantago to observe 
the “ si^ht-box ” containing the Bunsen grease spot or other 
arrangement through coloured glass when balancing; that 
known commercially as “ signal red ” and “ green ” being tho host 
for tho purpose, and two pieces should bo choson, so that on 
looking through tho two together in bright daylight next to no 
light passes through them. Thus on balancing the sight-box by 
observing through each separately, tho mean of the readings will 
afford a correction to a certain oxtent for any difference in colour 
of the two sources of light. 

The principal object gained in using colourod glasses is that 
“the eye then obsonos a less bright surfaco, and is consequently 
better able to gaugo its illumination relatively to tho surrounding 
surface. It is a fact that when the eyo looks at a vory bright 
surface, the pupil of the eyo partially contracts, thus causing the 
effect of temporary partial blindness, lionce tho use of coloured 
glass to prevent this. 

It should be carefully remembered that if tho resistance of 
tho voltmeter, which measures the pressure, is not very high 
compared with that of the lamp (say exceeding 100 times), 
and the ammeter resistance not very low compared with that of' 
the lamp (seldom the case), then corrections must bo applied to 
one or other of these instrument readings, in order to obtain 
cither the true voltage on the lamp or true amps, through it. 
For such see test on p. 48. 

Apparatus. — Low reading ammeter A with long open scale (p, 
559) j.high resistance voltmeter V ; adjustable fairly high resist- 
ance R (Fig. 27 2) \ secondary battery and photometer bench DD 
complete, containing “Methven screen” 2 C.P. standard (C) , 
of light (p. 595), or Fleming standard glow lamp ; glow lamp Q 
to be tested; and “sight-box” I) containing a Bunsen greaso 
spot (p. 592), or Flicker photometer head ; switch S. 

N.B. — For particulars on the adjustment and use of tho 
Methven standard, see Appendix, p. 595. The lamp G to bo 
tested may bo run as low as will give measurable luminosity, but 
not higher than 5% above its normal voltage 
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Observations. — (1) Fix, in a manner most convenient for calcu- 
lation, the distance D between standard and lamp to bo° tested 
(500 cms. say), and adjust the standard to the certified standaiS 
value of’ G.P. 

If a standard glow lamp is used instead of connect it to' a 
constant voltago supply through an exactly similar circuit to 
that shown for 6’, but without an ammeter (vt). 

(2) Connect up tho glow lamp as indicated in Fig. 23, and 
adjust the pointers of V and A to zero, levelling the instruments 
carefully if necessary. 

(3) Measure the resistance of tho lamp filament while cold by 
means of the Wheatstone Bridge, and note its value. 



(4) Close S and adjust R, so as to obtain just measureable 
luminosity on G, then move the carriago carrying the “grease 
spot” until the whole surface of tho latter appears equally 
illuminated. Great care being taken to keep the standard qf light 
properly adjusted, all through the tests at its certified value. 

N.B. — The true scale position will be found more accurately by 
taking the mean of the two positions of the carriage when the 
c spot is just perceptibly darker and lighter respectively than the 
surrounding paper, or with a Flicker head when the Flicker 
disappear. 

Note in each case the distance (d) from standard to grease spot 
when the plane of the lamp f lament is (a) parallel, (6) perpen- 
dicular to the axis of tho bench, coloured glass being used in each 
case if necessary. » 
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(5) Repeat 4 in 10% intervals of volt ago across tho lamp 
terminals up to within about 5% of tho normal voltage for the 
( Idjnp ^tested, and afterwards in 1% intervals to the maximum 
allowable. 

J[6) Caltulato the C.P. (E) of the lamp at each voltage from tho 
relation • 

whero G = C.P. of the standard and (d) — mean of all tho bench 
readings of the greaso spot as found in 4 above. Tabulate all 
your results as follows — 

Namk . . . Datis . . . 

Limp tested : Miiko . : . Class . . . Normal Volts . . . Normal C.P. . . His bianco Cold . , . 
Stamlnnl of Light, Tjpe . . . C.P. = . . . 1 )~ . . . 


Cunent 

4-0 

r.D 

jn 

Power 

4'Z 

Itchi st- 
ance 
(hot) 
r= V 

Plane of Kilnmcnt nml axis 
of Ptcncli. 

Total 


Klllci- 

ciicy 

Cost 

per 

Piunlk'l. j|Pci pendirnlnr 

moan 

pilHl- 

CP. 

K 

in 

Walts 

candle- 

hour 

Amps. 

Volts. 

A 

(Olm is) 

Spot just pciLTpt'hly 

tmn 

1*1) 

l*r 

camllo | 

| 

for 

power 

P 




dnik 

light 

dm k 

light 



lt 


1 







1 



(7) Plot the following curves, to the same pair of axes and 
same scale for C.P. (K) on the ordinates, between K and (1) 
amperes, (2) volts, (.’1) Watts, (4) resistance, (5) distance (d), (6) 
efliciency, (7) tho cost P. 

(8) Calculate the ratio of the resistance “hot" to that “ cold ” 
for the lamp filament. 

Note. — Jn calculating tho cost Pat tho various C.P.s, assume 
that electrical energy costs Qd. per Board of Trade unit (1000 
Watt-hours). 

Inferences. — State at somo length all the inferences which can 
be drawn from tho above experimental results and curves. 

(22) Variation of Candle Power with direction 
around an Electric Incandescent Lamp. 

Introduction. — With the introduction of new designs of electric 
glow lamps at the present day it is of considerable interest and 
often of importance to see tho way in which the magnitude of the 
C.P. along a fixed or given direction changes as the lamp is turned 
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through various angles in both horizontal and vortical azimuths. 
The glow lamp to be tested should bo capablo of being turned in 
any direction about a point which is the centro of the principal 
part of the filament, and, further, this point must bg in a line with 
the standard of light and centro of the Bunsen grea^o spottor 
other “ sight-bdx.” 

If the lamp thus adjusted is supplied at constant voltago and 
the C.P. measured at different anglos in the horizontal plane as 
the lamp is turned completely through tho circle, thon tho mean 
of all these C.P.s gives what is termed tho “ mean horizontal 
C.P.” If in addition the C.P. is now measured all round ,a 
vertical circle, tho plane of which successively makes different 
angles with tho axis of tho photometer bench around a horizontal 
plane, then tho mean of all the results will givo what is termed 
tho “ mean spherical C.P.” and it will be found that tho ratio * 
mean spherical C.P. ^ 
mean horizontal C.P. * 

a constant which may be determined in tho manner to be described 
presently. 

The variation of C.P. around the lamp, as found in the present 
test, can best be seen by plotting “ polar curves " for the different 
planes in which the filament is turned, using “ polar co-ordinates." 
We will now consider briefly tho approximate general form and 
method of plotting such curves. 



I JU 

Fig. 24. 


Fig/ 24 I. and II. represent polar curves showing the distribu- 
tion of luminosity in a horizontal and vertical plane respectively. 
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To obtain I. tako any point or pole (P), and with it as centre 
describe a circle, the radius of which represents to a suitable scale 
efrhei; the normal rated C.P. of tho lamp, stamped on it by tho 
makers, or else, the mean horizontal C.P. as determined from the 
exfKsrimefital results. Divide the circle (shown dotted) into 12 
equal divisions of 30° each all round from 0° to 3t>0, and draw a 
radial line from P through each, then setting off tho C.P.s 
measured at the respective angles on these radial lines, the con- 
tinuous curve is obtained on suitably joining thorn. In Fig. 24 
I. the starting-point 0° would bo that position of the lamp when 
the piano of the filament is parallol to the axis of the photometer 
bench. In II. tho datum circle is drawn in tho samo way as 
before (and is shown dotted), and on setting off the C.P. measured 
at the respective angles as tho lamp is now turned in a vertical 
* plane , the continuous curve, somewhat of tho slmpo shown, will 
be obtained. This polar curve II. will only reprosent the dis- 
tribution of C.P. in that particular vertical plane which makes 
some noted angle with the above-mentioned zero on the horizontal 
plane or circle. 

Apparatus.— Precisely tho samo as that mentioned in the pre- 
ceding test, with tho single exception that tho glow lamp is now 
held in a special form of holder capable of turning through known 
angles in horizontal and vertical planes. 

Observations. — (l) Connect up as indicated in Fig. 23, and 
adjust tho pointers of tho instruments V and A to zero, levelling 
the meters if necessary. 

(2) Fix, in a manner most convenient for calculation, the 
distance D between standard and lamp to bo tested (500 cms. say) 
and adjust the standard of light used to the proper C.P., either 
using .the gas carburettor or otherwise. 

(3) Close S and adjust R so as to obtain exactly the normal 
rated voltage across tho lamp terminals, which must bo kept 
perfectly constant throughout the whole set of tests. 

(4) Adjust the lamp and its holder so that tho principal part 
of the filament can rotate in a horizontal or vertical plane about 
some fairly definite point, the line joining which to the standard 
passes through tho grease spot and is parallel to the photometer 
bench. 

(5) With the voltage at exactly the normal value and tho index 
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at zero on the horizontal scale for the plane of the filament parallel 
to the bench, measure the C.l\ every 30° on the horizontal scale 
as the lamp is turned round ( vide obs. 4 and 6 of the hist t(jst)/> 

(6) With the index at 0“ on tho last-named scale measure tho 
C.P. every 30° on the vertical scale as the lamp is turned round. 

(7) Repeat 6 r for tho index at 45° and 90° on tho horizontal 
scalo, and tabulate all your results as follows— 


Name ... Dvtb . . . 

Lnm]t tog toil MAp . . . Class . . . Noinwl Volts ... C.P. . . . Resistance Cold . . . 
Standard of Light. Type ... CP... U- . . . 


Horizontal 

scale 

readings. 

Vortical gcalc icnd'iip. for dillcient 
horizontal angles. 

Distiinco 

d 

O.P. 

K 

Moan 

K 

Ratio" 

M.S.K. 

U.ILK. 

0° 

46° 

<10° 







1 



(8) Plot the polar curves for horizontal and vertical distribu- 
tions in the manner sot forth above. Tho latter for each of the 
angles 0°, 45° and 90°. 


(23) Measurement of the Percentage Absorp- 
tion of Light by different kinds of Shades 
and Lamp Globes. 

Introduction.— In electric lighting particularly, and also in 
other methods of illumination, it is almost invariably the caso 
tliat the lamp is partly or wholly enclosed ill a globe or shade 
which is partly for use in softening the light, as wo may express 
it, and partly for ornament. Jn arc lighting the opalescent globe 
is very generally used, whilo in the caso of electric incandescent 
lighting either the bulbs of the lamps themselves are often made 
of opalescent, ground, frosted, coloured or other translucent forms 
of glass, or separate shades of such material enclose tho ordinary 
• clear glass bulb of tho lamp. In all cases the result is a more 
evenly diffused light and a more uniform illumination, and 0110 
that is softer, so to speak, and less trying for the eyes. The 
introduction of such shades, however, usually diminishes con- 
siderably the outside illumination of the sourco owing to the 
absorption of light by the shade, but it should be borne in mind 
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that some of the light which is apparently absorbed is actually 
lost by* reflection. As, in some cases, so much as 70% of the 
« light .produced is thus absorbed, it becomes of importance to 
determine the amount in particular cases, for it will bo seen to 
materially affect the number of lamps really needed to illuminate 
satisfactorily a room of given area. The presont test is arranged 
with tho object of doing this, but no account will be taken of loss 
of light through reflection, as the measurements of this and 
absorption separately requires more elaborate methods. 



Apparatus. — -Low reading ammeter A with long open scale 
(p. 559) j high resistance voltmeter V: adjustable fairly high 
resistance R (p. 603) ; secondary battery and photometer bench 
1)D complete, containing “ Mcth ven screen ” or other standard (C) 
of light; “sight-box” B containing a Bunsen grease spot (p- 
592) ;* switch S; and an electric glow lamp G (say of 8 C.P.) ; 
shades to be tested. 

N.B. — For particulars on tho adjustment and use of the 
Methven screen standard of light, see Appendix, p. 595. 

Observations.— (1) Fix, in a manner most convenient for cal- 
culation, distance D between standard and glow lamp (500 
cms. Bay), and adjust the standard to the proper C.P., either using 
the gas carburettor or otherwise. 

(2) Connect up the glow lamp G as indicated in Fig. 25, and 
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adjust the pointers of V and A to zero if necossary and levelling 
them if required. 

(3) Close $ and alter 11 so as to obtain the normal voltage across f 
the lamp terminals as read off on V. Then movg tho carriage 

.. carrying the “grease spot ” until the whole surfaco of *the latter 
appears equally illuminated, great caro being takon to keep the 
standard of light properly adjusted throughout tho tests. 

N.B. — The true scale position will bo found moro accurately 
by taking the mean of the two positions of tho carriage when tho 
spot is just perceptibly darker and lighter , respectively, than the 
surrounding paper. In this way tho mean distance (d) frgm 
standard to grease spot should bo taken when tho plane of tlio 
lamp filament is (a) parallel, (b) at 45°, (c) perpendicular to the 
axis of tho bench, and tho volts and current noted at each (which 
must bo kept constant). - 

(4) Now place a given shade to be tosted for absorption over 
this plain glass bulbed lamp and repeat 3 for this and all other 
shades in succession, keeping the lamp voltago quite constant. 

(5) Calculate the C.P. (A') of the light with and without shades 
from the relation 

K = C candles, 

d 1 

where C = the candle powor of the standard and d = mean of all 
tho bench readings of the greaso spot as found in 3 above, and 
tabulate your results as follows — 


Nam* . . . Hath . . . 

Glow Lamp: Normal Volts® . . . Nalurc of glass l>ulb= . . 

Standard of Light : Typo . . . C.P Total d btnnce 


Nature 

or 

kind of 
shade 
tested. 



Plane of Filamont and axis of Pencil 

Total 

c.r.ori’ght 

■ Absoni- 
. tion 
hy shailo 

LMfc&X 

Volts 

V. 

Amps. 

A. 

Parallel. 

| At 45°. ||PiTpendicular. 

mean 
of all 

With- 

With 

shade 

h'l 

Spot just perceptibly 

posi- 

tions 

<‘0. 

out 

shade 

A'o 



dark | light | 

dark | light | daik| light 


”s Aq 




1 II 

1 II 1 

1 




Inferences.— State carefully all you can infer from the results 
of your experiments and point out their bearing on the lighting 
of rooms in goneral. 
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THe Photometry of Electric Arc Lamps. 

General Remarks. — In photometric measurements of the 
present nature, many little difficulties exist which do not appear 
in the study of nearly all other sources of light. They arise 
from tko fact that, in the first place, the intensity of the light is 
extremely fluctuating and very difficult to maintain constant for 
any appreciable length of time. In the noxt place, the in- 
tensities are usually so large that special standards of light have 
to bq employed, and in addition, the general arrangements of the 
arc light source relatively to the photometer and standard have 
to be such that only a known fraction of the light to bo 
measured is* balanced against the standard. The chief difficulty, 
•howevor, arises from the great difference between the colour of 
the arc light and that from all other common standards of light. 
So marked is this, both in the case of direct and alternating 
current arcs, that frequently the unpractised eye is unable to 
form anything like an accurate judgment betweou tho amounts 
of illumination on a given surface due to each. Lastly, tho arc 
is continually travelling round tho carbons, thereby causing wide 
variations in tho light emitted along the axis of tho photometer 
bench. This effect on tho correct readings of tho photometer 
“siyht-box” for given positions can be minimized by taking the 
moan of several readings of tho sight-box on tho bench for as 
nearly as possible the same values of voltage and current supplied 
to the lamp. 

As is well known there aro some characteristic differences 
between continuous (direct) and alternating current arcs. In 
the former, the positive and negative carbons burn away at rates 
approximately in tho proportion of 12:7 respectively, which, 
however, may vary from 1 '2 to 4, according to tho quality and 
type of carbons and tho voltages and current supplied to the 
arc, the first-named ratio only holding approximately true for 
ordinary lamps with carbons of equal diameter, and using from 
10 to 12 amps, at 45 to 50 volts and run with continuous currents. 
* Peculiar to this type of lamp is the formation of a recess or 
“water” as it is commonly called, at the end of the + Te carbon, 
the - Te assuming a conical pointed shape at the end. 
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For lighting purposes the lamp is always connected up and 
suspended so that the + Te carbon is uppermost, and no second 
consideration is necessary to at onco see that the distribution O of 
light all round the arc (i.e. tho spherical distribution) is far 
from being uniform. This determination, together with that^of 
the spherical candle power (C.P.) for a given amount of power 
absorbed by the lamp and the regulation of the lamp mechanism, 
amongst other tests, is the object of tho following investigation. 

The distribution of intensity requires for its determination 
somewhat special arrangements for enabling tho C.P. to be taken 
at different angles to tho horizon line. This variation is • 
measured in a vertical plane only, and there are several devices 
for carrying it out. One is to suspend the lamp from the coiling 
by means of cords and pulleys or a pulley block, so that it can 
be raised or lowered to different heights above the central axis of*' 
tho photometer bench; tho light is then reflected by a suitably 
placed plane mirror (making an augle of 45° to the bench) along 
the axis of tho bench to the sight-box ; tho centre of the mirror 
forming a right angle betweon the axis of the bench and tho 
direction of tho incident beam from the arc. The mirror is 
so arranged that tho reflected rays always make an angle of 
45° with tho axis. The absorption of light or coefficient of 
reflection by the mirror at this anglo is carefully measured and 
allowed for. Let this co-efficient or percentage of the total light 
striking the mirror, which is reflected, — K. Then C. P. of reflected 

K 

beam = — x C.P. of beam from tho arc, and this reflected 

beam is then measured against the standard. The distance of 
arc lamp from photometer sight-box then is reckoned as = 
distance between lamp and mirror + that between mirror and 
sight-box. This enables largo C.P.s to bo compared with 
comparatively small ones, which would otherwise necessitate a 
bench many yards long. 

Standard of Light. — This should be as largo as possible in 
magnitude, so as to keep tho sight-box near the centre of the 
photometer bench, and thus minimize errors in its true position. 

In addition tho colour of the light should approximate to that of 
the arc. Tho standard which fulfils these conditions in a fairly 
satisfactory manner is one consisting of an over-run glow lamp of, 
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say, 32 C.P. at normal voltage. If this is over-run some 5-8% 
in voltage, it will emit a much whiter light and one tbit is 
more nearly tho colour of tho arc. This lamp must be carefully 
• standardized against a known standard of light at two or threo 
definite and accurately noted voltages abovo normal. Probably 5% 
ov& normal will givo a C.P. =* about 40 or 45, and 7% over normal 
about 50— GO C.P. At this abnormal voltage the bulb will 
blacken ioside fairly soon, and henco the lamp should not only 
be kept on for tho shortest time, but should frequently be 
ro-standardizcd. 

Differences in colour between the two lights to be compared 
mdy to some extont bo corrected by taking tho readings of 
the slider carrying the sight-box when observing the balance of 
illumination of the latter through red and green glass in 
succession, the best kinds for the purpose being what are known 
commercially as “ 8Ujml-recl ” and “green,” and which should be so 
chosen that a bright sunlight viewed through the two together 
appoars quite dark. Tho effect and object in using coloured glass 
is explained on p. 53. 

There are really two kinds of efficiency determinations 
recessary in connection with arc lamps winch are automatically 
self-regulating, namely — 

(а) The “ Commercial Efficiency ” of tho lamp ns a whole 
reckoned in Watts per candle emitted, and which takes into 
account tho total power in Watts absorbod by tho lamp, i. e. in 
the arc and regulating mechanism. 

(б) The “ Nett Optical Efficiency,” reckoned also as above, 
but taking into account only the power givon to the arc itself 
and neglecting that absorbed in tho regulating mechanisms. 

The following tests arc devised for the purpose of investigating 
these Separately and comparing the results, and also of examining 
other very important points pertaining to arc lamps in general. 

(24) Measurement of the Commercial Effi- 
ciency of an Arc Lamp. 

Introduction. — In the present instance the photometer bench 
being of considerable length, presumably, tho two sources of light 
are placed one at each end and in a line with the photometer 
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sight-box, which will in future be termed the screen , for brevity 
sake. 

Apparatus.— Photometer bencli BB ; fitted with a Bunsen 
grease-spot screen ( G ) (p. 592), placed inside a sight-box to pre- 
vent stray light, due to reflection from the walls of the room, 
falling on thoscreen, the walls and ceiling being as dull blad 
as possible ; standard known source of light (L s ) consisting of 
an over-run 32 C.P. glow lamp, carefully standardized at a known 
voltage by a previous test. 



A voltmeter V 2 , preferably tho same used in the calibration of 
the glow lamp, together with a rheostat r (p. 603) for reproducing 
the voltage of calibration. Arc lamp (!) to be tested, supported 
on a suitable stand, and placed in circuit with an ammeter A j 
voltmeter V 1 ; rheostat R (p. GOG), and switch S. A secondary 
battery should be available to feed both circuits in preference 
to. a dynamo current, as tho former gives a far more sfcady 
E.M.F. and better results than the latter. 

Observations.— (1) Adjust the arc lamp in its cradle or stand, 

' 8Q that the point of contact of the carbons is at the same height 1 
> above the bench as the eentro of tho screen and standard light, | 
. Centre the two carbons very careFully. f* 

(2) Fix the distance D between arc and standard at some con- 




ELECTRICAL ENGINEERING TESTING 


C5 


venient amount for future calculations (say 600 cms.), and adjust 
the arc lamp so that the carbons are vortical. 

# (3) Connect up as shown in Fig. 26, and adjust the pointers of 

A, V 1 and V 2 to zero if nocessary. Vary r so as to give L a the 
voltago as read off on F 2 , at which it was standardized last, 
when it will then give a definite known C.P. 

(4) With 11 full in, dose /Si and vary 11 so that the arc just 
burns with the carbons in equilibrium. Now quickly adjust the 
position of the sight- box, so that the grease spot appears equally 
illuminated all over each side. Note its scale reading (d) from 

• thg standard, the volts V u and the amps. A. 

Note. - must be kept rigorously constant during this aud 
the following observations. The scale reading d can bo obtained 
most accurately by reading it when the grease spot is just per- 
feptibly darker and lighter respectively than the surrounding 
paper. This should be done, using red and green glass in addi- 
tion to the naked eye, and the mean of all the readings recorded. 
The reading of J r j and A must bo constant during the taking of 
the above readings. 

(5) Ke-adjust 11 and repeat 4 for about ten different values 
of Vu rising by about equal increments to 60 volts or so, V % 
being constant. 

Each of the readings in 4 aud 5 should consist of a group of 
3 or 4 observations with and A constant, so that a mean may 
be taken which would allow for alteration in C.P, due to the arc 
travelling round the carbons. 

Tabulate your results as follows — 

NAMK ... D\1K . . . 

Arc lamp tested : 2<o. ... M ter . . . Type . . , 

Tjpe of carbons . . . Size of poait ve . . S ze of negative . . . 

Standard light: Type .. . Candle power K t «. . . D-...ems. Ammeter Resist. «... Ohms, 


Volta on 
Stundard 

V a. 

Amps, 
through 
arc lamp 

Volta 

across 

lamp 

Vl- 

Watti 
given to 
lam]> 

A Vi. 

Distance. 

CP. nf"Aie“ 
A\, => 

- 

d* K t 

Commeiclal 

Efflciouoy 

XV,. 

Costner 
canal# 
hour for 
power. 

cl. 

D-d. 











(6) The voltmeter used for V v especially if a hot wire, must be 
shunted, not directly to the lamp, but to the lamp and ammeter 
A combined. The volts lost in A can be calculated and sub- 
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tracted from that shown on V x in order to get the true volts on 
the lamp. 

The ammeter resistance is required for this correction and <2in * 
be found approximately by tho Wheatstone Bridge. 

(7) Plot the following curves on tho same sheet of curve-paper 
between C.P. as ordinates in each case, and (i) Volts V lf (ii) Amps. 

A , (iii) Watts AV i, (iv) Efficiency as abscissa). 

(8) Compare the above cost per candle hour for power at 6^i. 

per unit at normal voltago across the arc lamp with that of a 
glow lamp of equal C.P., taking 3 Watts per candle at normal 
voltago. The price of energy being the same. • 

Inferences. — State clearly all you can infer from your experi- 
mental results. 


(25) Determination of the Nett Optical Effi- 
ciency of an Arc Lamp. 

Introduction.— This test is similar to tho last, with the follow- 
ing exceptions— 

Place the voltmeter V v which should be of a sensitive high 
resistance type, across the arc instead of the lamp terminals as in 
the preceding test. This can be done by connecting it to two 
spring clips, which make good contact with tho carbons about two 
inches from their ends next to the arc. Tho ammeter (A) must 
now be so arranged in the circuit that it measures the current 
through the arc without taking into account that passed by any 
shunt-coil which the lamp may happen to have. 

Apparatus.— Tho same as for the commercial efficiency test, 
and in addition the two necessary spring clips. 

Observations. — Repeat those of tho foregoing test exactly as 
there indicated. 

Connect up as in Fig. 2G, with the exceptions noted above as 
regards the position of the ammeter and voltmeter. 

Compare the efficiencies obtained from the two tests, and also 
the costs per candle hour for power at the same price. 
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(26) Determination of the Distribution of 
Light from an Electric Arc. 

Introduction. — The distribution in the case of an arc light is 
obtained by measuring the C.P. at various nngles*to the horizon, 
in ono single vertical plane containing the central axis of the 
photometer bar. 

To enable this to be done some arrangement, similar to the 
one briefly described under “ General remarks " on arc light 
photometry, is necessary. 

The author, however, has devised a simple form of “ cradle " 
in which to fix the lamps, and which is illustrated and described 
in tho Appendix, p. 587. 

• The difficulty arising ill tho use of such an arrangement is due 
to the fact that most arc lamps will not continue to solf-regulate 
when placed in a slanting position. Tho author, however, finds 
that, with a suitable type of lamp, there is practically no difficulty 
from tho above cause, until tho cradle makos an angle of about 
50* with the horizontal, and for just the ono or two readings 
after this it is easy to help the mechanism by hand in order to 
maintain tho “intake" of electrical power by the lamp constant. 

Apparatus. — Precisely that mentioned for the tost No. 24, p. 
63, on “ Commercial Efficiency," except that the cradle is now 
required where just an ordinary stand would have done in that 
test. 

Observations. — (1) Repeat 1-3 of the above-cited test, seeing 
in addition that tho carbons touch at a point which is in a line 
with the centre of tho axle of the cradlo, and that their axes 
coincide. 

(2) Set the cradle with its pointer at zero, when the carbons 
will be vertically over one another. With li full in, closo S, and 
vary R so that the lamp takos its normal voltage and current 
and burns quite steadily, then quickly balanco (by moving the 
screen), in the manner set forth in observation 4 of the test 
cited ; repeat this three or four times for the same values of A 
and V v and record tho, mean in the table. 

(3) Repeat 2 above, for the same values of A and V v for every 
10° through which the cradle is turned, up to 70° or 80°, when 
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the axis of the carbons will be nearly parallel with the photo- 
meter bench, and tabulate as in the table for test 24 cited, sub- 
stituting the heading “ Anglo between carbons and horizon" for 
the cost, etc., in the last column of the table. 



(4) Repeat 2-3 for a considerably lower current A than the 
normal, but one at which the arc burns propel ly. 

(5) Plot the Polar Diagram or curves of distribution of light 
from the arc at various angles for each current used in the 
manner described below. 

Inferences.— State clearly all you can infer from your experi- 
mental results, and point out their bearing on the lighting of 
streets and large areas by means of arc lamps. 

Determine from your results the mean spherical efficiency 
which » (l horizontal efficiency + \ max. efficiency). 

Note. —This may vary from 0'050 to 0’200, depending on the 
diameter and quality of the carbons, and is the ratio of the noamal 
power in Watts, as given to the lamp in observation (2) above, to 
the mean spherical C.P. resulting. 

Plot op Polar Diagram and Distribution op Light from Arc. 

Let D be the junction of the + and - carbons, «. e. centre of 
arc. 
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Let DB represent the maximum C.P. obtained for some posi- 
tion of the arc, then with D as centre and DB as radius, draw 
tllb semi-circle ABC. Divide this into eighteen equal parts, each 
of which will therefore = 10“ of arc, and draw radii to the points 
of* intersection so formed. Now set off to th<j same scale as 
DB, the various O.P.s measured, along the respective radii from 
D, representing the angles in which they were measured. Then 
the curve DGPII drawn through these points is the polar dia- 
gram of O.P.s from the arc, 

Q 


r 


R 


The distribution corresponding to this polar diagram is 
obtained as follows — 

Draw PBS through B parallel and equal to ADC. 

Through each of the points of division on the semi-circle ABC 
draw lines parallel to DB, and therefore perpendicular to PBS. 
From PS on these set off lengths proportional to the respective 
O.P.s at the corresponding anglos. Thus, for instance, ZF» 
DP e maximum O.P., and so on for the rest. Now complete 



Fig. 28 . 
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the rectangle PQYRS and draw the second curve PYS. Then 
we have for the arc lamp— 

_ _ . . _ _ _ Area of curve PYS ■ ** 

Mean sphencal C.P. = x max. O.P. 

= (A horizontal C.P. + J max. C.P.) apprDx. 

The curvo PYS shows tho manner in which the illumination 
of streets falls off with diroct current arc lamps at different 
distances from the lamp for a given height above the ground. 


(27) Other Tests on Arc Lamps. 

Deteumi nation of the Effect of Carbons of Different 
Diameters and Quality on toe Spherical C.P. and Spherical 
Efficiency. 

Notes. — In this test care must bo taken to vary only one thing 
at a time, as for instance — 

(«) Vary the diameters only for exactly tho same quality of 
carbon, all other conditions being constant. 

(b) Vary the quality only for exactly tho same diamotor of 
carbon, all othor conditions being constant, as for instanco the 
amount of power supplied to tho arc. The spherical C.P. and 
efficiency is then measured in each of tho cases a and b in the 
manner just described. 

The results should ho tabulated in a convenient manner. If 
possible a curvo should be drawn between each separate pair of 
variables, and, lastly, inferences deduced from the experimental 
results. 


(28) Determination of the Relation between 
Voltage and Current respectively, and the 
loss in grammes per hour of Positive and 
Negative Carbons. 


Notes. — In this test, as was also mentioned in the last, only 
one thing must bo varied at one and the same time. Thus — 

(a) For the same voltage, measure the loss in grammes of the 
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same or exactly similar + ve and - Te carbon occurring in the 
same interval of timo with different currents. 

JJb) For the samo cui rent, measuro the loss in grammes of the 
same or exactly similar + vo and- vc carbon occurring in the 
sajpe timo with different voltages. 

The results should be tabulated in a convenient manner, and if 
possible tho following curves drawn — 

Two between volts and amps, r&spectively on the abscissae and 
losses in grammes per hour of + vo carbon as ordinates. 

Two between volts and amps, as before, with losses in grammes 
p$r hour of - vo carbon as ordinates. 

All on tho samo sheet of curve paper. 

Carefully deduce the inferences obtainable from the results of 
the tests. 


(29) Relation between Voltage and Length 
of Arc (with Constant Current through it). 

Introduction.— This test, like the next one, is important, as 
it indicates why certain types of lamps can bo run at higher 
voltages than others, while in conjunction with the results of a 
corresponding test for obtaining the Polar Diagram of the lamp, 
the effect of the length of arc on tho distribution of light over 
the lower hemisphere is clearly indicated. Tho reader should 
peruse the remarks under “introduction” in the next test which 
apply to the present one also. 

Apparatus. — Precisely that for lest No. 30. 

Observations.— (1) Connect up as in Fig. 30, and set A and V 
to zer.o if necessary. 

(2) With (li) full in , close S and “strike” the arc by bringing 
the carbons together for an instant, and then quickly separating 
them, R being reduced to keep the arc burning. 

(3) By varying R, obtain a series of arc lengths between about • 
and the maximum possible by applying different voltages 

across it, the current being kept as constant as possible all the 
time at the most convenient valuo to bo found by trial. Then 
after rapidly moving L to obtain the sharpest image I on G of 
each arc length, quickly measure /, and note x , y, A and V. 
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Note.— Time should be allowed for the carbons to burn to 



shape, and for the arc 

g 

to become steady before 

J 

readings are taken. 

s 

y Tabulate your results 


exactly as in the last 

% * 

test, and plot curves 

e --’X 

having values of V and 

* /_ 

It as ordinates with 

/ f 

length of arc (r/) as 

V / ! 

abscissae. 


Find the constant (a) 

£ / i 

in the equation — 

' Al 

r= }' 4 . a.<l 


Length of Arc -(d) to tho working part xy 
F IQ . 29 . of the curve, Fig. 29. 

Inferences. — What 


can you deduce from the results of your test? 

(30) Relation between the Current through 
an Electric Arc and the Voltage across 
it (for a constant Length of Arc). 

Introduction.— The present test lias an important bearing 
on the supply of electrical energy to “open,” “enclosed/' and 
“flame” arc lamps in view of the length of arc normally 
• employed in theso tliroo distinctive types being different* in 
practice. The voltage across the arc can be obtained by a‘ high 
resistance voltmeter connected to tt\o spring clips placed on the 
carbons as close to their tips as is safe without risk of fusion. 

The voltage thus measured will bo that necessary for ctfer- 
c coming the apparent re&istance of the arc made up of the hack 
E.M.F. of the arc + tho “ohmic drop” in the arc due to its 
ohmic resistance. 

If the voltmeter is connected to tho lamp terminals it will 
measure the above-named apparent resistances + the additional 
“ohmic drop” between carbon tips and terminals. 
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The length of arc may be found in one of two ways: (1) by 
throwing an image of the arc on to a screen at a known distance 
a\wiy, # by means of a double convex lens, when from the length 
of image and the distances of the lens from arc and screen the 
length of arc itself is at once obtainable ; (2) by placing a gauge 
of known length, about equal to that of the arc in front of the 
latter, and measuring the shadow of the gauge on the screen, 
when from the length of shadow, gaugo and the distances, the 
length of arc is obtained. 

Apparatus. — Hand-feed arc lamp B with terminals TT ; 
double convex lens L> mounted on sliding base; ground or milk 
glass screen G ; ammeter A ; voltmeter V ; variable lhcostat li ; 
switch £and source of supply E. 



Observations.— (1) Connect up as in Fig. 30, and adjust the 
pointers of A and V to zero if necessary. 

(2) With (R)ftdl in , close S and “strike" tho arc by bringing 
the carbons together for an instant, and then quickly separating 
them, R being reduced to keep the arc burning, which must bo 
carefully watched. 

(3) Adjust the arc to a convenient length, say 1" to and 
movo L until the clearest imago I is obtained on G t then quickly 
measure the length of I on 6', and note tho readings of V and A 
and the distances x and y. 

(4) With the length of I constant, vary R so as to obtain 
a series of values of V and A between 0 and, say, 25 amps.— 
x and y being constant, and the arc adjusted to keep I constant. 

k (5) Repeat 3 and 4 for constant lengths of arc of about J" 
and f", and tabulate your results as follows— 
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Distances. 

Lengths of 

Volts 

V. 

Amps. 

A. 

Apparent 

Resistances 

R-- ^olnrx. 
d 

a-. 

y. 

ftnngp (I). 

Arc (<i) 

= ?x/. 
y 







* 


(6) Plot to the same axes, curves having values A as abscissa 
with both V and R as ordinates. 

Inferences. — What can you deduce from the results of tho 
‘test ? 


(31) Examination of Alternating Current Arcs. 

General Kemarks. — The alternating current arc possessed 
many characteristic and interesting features which are absent in 
the case of the continuous current arc. Thus for instance 
the two carbons consume away at approximately equal rates. 
The colour of the rays is quite different, being much more 
purple than in tho diroct current arc. Again, more energy is 
needed for the same volume of light emitted, and the arc gives 
out a rhythmic hum if it is burning properly. 

In addition the true power W given to tho lamp may bo 
considerably less than the apparent power AV, i. e. the product of 
the alternate current ammeter and voltmeter readings. Thus 
]V 

the power factor which = j-p, may be very low and even down to 

0*50 in an alternating current arc lamp. 

The following additional investigations should bo carried out 
on this type of lamp, namely — 

The effect on the (IP. of variations of (a) voltage, (b) current, 
(c) frequency, ( d ) quality of carbon. 

The effect on the angle of phase difference or power factor 
of ( e ) quality of carbon, (/) cored and uncored carbons, 
(g) hissing of the arc. 

The relative amounts of power absorbed by the arc itself 
and by the regulating mechanism should be investigated. 

Many of the above tests can only be employed on hand- 
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(32) .Measurement of the Internal Resistance 
of Secondary Cells. 

• 

Introduction. — The following method is tlio best for measuring 
the working value of tho internal resistance of a storage cell or 
battery of such. Owing to the very low resistance met with 
usually in this kind of cell the ordinary methods are practically 
inapplicable, and in the present case the cell is being tested more 
or. less under working conditions. 

If a battery is boing tested the total internal resistance can be 
obtained at onco, and if the cells are all of tho same size, make, 
and type, the resistance of each cell can bo deduced, probably 
with considerable accuracy, by dividing tho total resistance so 
obtained by the number of cells and thus obtaining the average 
resistance per cell. It should be remembered that the internal 
resistance of any cell is not a fixed and invariable quantity but 
depends on soveral things, thus, for instance, on the density of 
tho sulphuric acid solution which is continually changing accord- 
ing to the amount of discharge, or charge of the cell. It is 
interesting to note in this connection that tho resistance of a 
solution of dilute sulphuric acid is least at a specific gravity of 
about 1220 and increases from this in either direction, i.e. for 
a rise or fall in density. Again, the internal resistance will 
depend on the condition the plates are in, and will be greater 
if they are “ sulphated ” than if in good condition. 

Apparatus. — Tlio cell or cells (B) to be tested; voltmeter V of 
sufficiently large resistance, and having a long open scale, enabling 
small .differences to be read accurately ; ammeter A capable 
of reading up to the maximum current to be taken from the cell ; , 
key K ; switch S’, carbon rheostat 11 (p. 597). 

Observations. — (1) Connect up as in Fig. 31, and adjust tho 
pointers of V and A to zero, levelling tho instruments if * 
necessary. 

(2) With S oj)en, close K and note the reading E on tho 
voltmeter. This is therefore the E.M.F. of the cell in volts, 
since only an extremely small current is flowing. 

(3) Close both K and S and adjust R so as to obtain about 
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T ^th of the maximum current output from B . Note simul- 
taneously the readings on A and F, which latter now gives the 
I I terminal P.D. (F) in volts. 


r 


B 




I / — \ ^ 

HV) — o^K\ 


R S 

L VIA/IA/'— -o |o 

Fro. 31. 






(4) Repfeafc 2 and 3 for 
about ten different currents 
rising by about equal incre- 
ments to tho maximum. 

(5) Calculate the work- 
ing value of tho internal 
resistance b of the cell or 
battery from tho relation . 


J = 


E —V 


ohms, 


and tabulate your results as 
follows — 


Kamk . . . Dat* . . . 

Cell tested : Make . . . T.»po . . No. of Halos = . . . 8uo of Hates = . . 

Distance between Plates *=« . . . Approx. Sp. Or. of Solution =* . . . 


E.M.F. 
s Volta. 

p.n. 

V Volta. 

CuriPiit 

A Amps. 

Internal 
Resistance 
b Ohms. 

Internal 
llosistanco 
per Cell for a 
Battery. 

Mean 

Internal 

Resistance. 








(6) Plot 2 curves having values of V and (b) as ordinates and 
A as abscissax Show that tho tangent of the anglo of slope 
(from the horizontal) of the V and A curve = the internal 
resistance ( b ). 


(33) Measurement of the Efficiency and 
Storage Capacity of Secondary Cell?. 

Introduction.— Secondary cells may be divided into two main 
divisions, namely— the “Faur6” or pasted type , and the “Plants" 
or non-pasted type. The chemical changos occurring in either 
class, during charge and discharge, are precisely alike, but tho 
reader is referred to ordinary toxt-books of Electrical Engineer- 
ing— for instance, Electncal Engineering in Theory and Practice , 
by the author— for such changes wliieh hardly come under the 
scope of the present work. 

The secondary or storage cell has taken up so prominent a 
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position at the present day in both electric lighting and electric 
traction that the method of measuring the efficiency and storage 
# ca^icit^ of any type of cell, or perhaps more particularly the 
relative behaviour of different typos under the same conditions, 
is p. matter now of paramount importance to every electrical 
engineer. A good deal may be said with regard' to tho precise 
modo of testing such cells, and in this connection much depends 
on tho duty which they have to perform in actual practice. 
Any laboratory test of such cells will be worthless almost, from 
a practical point of view, unless it is carried out under conditions 
as nearly as possible alike to those the cell will work under in 
its everyday use. Thus, for instance, take a battery employed 
for merely lighting purposes, say at a central electricity supply 
station. It is never resting idle and never merely giving either 
♦ts full load discharge or any other constant output, for the load 
which it has to take varies with the hour, day, and season of 
the year, from often next to nothing, to full load and sometimes 
a considerable percentage overload for short periods. Thus it 
will be seen that in this instanco any test to bo of value must 
be carried out as nearly as possible under these conditions, and 
for months continuously, too, instead of, perhaps, only for two or 
three weeks always at full load and with, say, a night’s rest in 
between each sucli discharge. 

Again, in the case of electric traction work, the above remarks 
do not all apply, for instance, usually a battery used in this kind 
of work in sub-stations is relieved of discharge between midnight 
and about 7 a.m. in tho morning, during which period it is charged. 
When used for portable work, as in autocars and trauicars, it is 
subject to both rapid and wide fluctuations of output and often to 
excessive jolting. Hence the test on a cell required for this kind of 
work should be a very stringent one, automatic jolting gear being 
provided to operate on the cell while being discharged, while this 
latter must often bo abnormal. Practically tho Faur<$ or pasted 
type of cell is the only one available for self-contained autocar 
traction, os weight forbids the use of the Plants type. As one 
instance of a traction type of pasted coll which will stand periods 
of excessive discharge and the wash of the solution against the 
plates and yet have a long life , the Headland secondary cell may 
be instanced, and tests extending over years amply justify this. 
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The efficiency of any secondary cell or battery can be reckoned 
in one of two ways, namely, the — 

Quantity efficiency, or Ampere-hour efficiency 
Ampere-hours given out » 

BS Ampere-hours put in 

Energy efficiency, or Watt-hour efficiency 
Watt-hours given out 
Watt-hours put in 

Each of these will depend to a certain extent on the relative 
periods of charge, rest, and discharge, and also on the current 
density or rate of discharge reckoned say in amperes per unit; of 
area of positive plate. The greater this is the less will be the 
quantity efficiency, and also the energy efficiency, though the 
latter not to the same extent as the former. 

It may hore be remarked that the quantity efficiency may b6 
as high as 94% when the current density is low and the cell used 
under favourable conditions, whereas tho energy efficiency cannot 
exceed 80% from the fact that the averago normal voltage of a 
cell on discharge is 2'0 volts approximate and the average voltage 
needed to charge being 2‘5 about. These two efficiencies in 
practice may be taken moro nearly as about 75% and 65% 
respectively. 

The capacity of any secondary cell may be expressed in ono 
of two ways, namely, either as the ampere-hours or as tho Watt- 
hours which it is capable of giving as a useful discharge. The 
term commercial capacity might be given to the number denoting 
the ampere-hours or the Watt-hours per lb. of plate (taking 
both + vo and - ve together) or per lb, of cell complete, including 
acid, etc. 

At tho present day, owing to there being so many forjns and 
methods of building, the latter modo of reckoning the capacity 
is the only one available when comparing different types of cells. 

A secondary cell maybe charged either (1) at constant P.D. 
or (2) at constant current. In the first case a fairly heavy rush 
of current takes place at starting, and the method would be 
unsuitable for use on some types of pasted cells from the risk 
of tho plates buckling. The second method is the one nearly 
always employed in practice and is the one which will here be 
considered. 
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Tho cell should not be discharged normally below 1 ‘80 volts on 
closed circuit, since it will then become practically useless for light- 
ing circuits, and there is also the danger of the plates “ sidphating ” 
rapidly below this limit. For tho latter reason it should not be 
allowed to rest in this discharged condition. 

Apparatus.— Cell B to be tested ; sensitive voltmeter ( V ) with 


£ 



^ \ s , R \ 

o|o -'- ■ ~mi\i\i\i\j — 1 

¥lg 32 . 

open scale ; ammeter (i) ; switch S x ; carbon rheostat R (p. 597); 
two-way switch S ; source of charging E.M.F. (A 1 ); hydrometer 
and weighing arrangements if the latter should be required. 

Observations. — (1) Assuming that tho coll to be tested is not 
already set up, but is still as received from the makers. First 
weigh each complete sot of platos, “Positives" and also '‘Nega- 
tives,” separately after dusting them. Also weigh the containing 
vessel, and the diluto sulphuric acid solution (of tho specific 
gravity authorized for that particular cell), which is sufficient to 
cover tho plates and be about one inch above their tops. Measure 
the size and thickness of the plates. 

(2) Set up the cell properly, connecting up as indicated in 
Fig. 31, and adjust tho pointers of V and A to zero if necessary. 

(3) More as a matter of interest than otherwiso, carefully note 
the sp. gr. of the acid solution before and immediately after 
putting it into the cell by means of tho hydrometer, and then noto 
the roadings of this latter and the time frequently, while the 
sp.-gr. is rapidly altering and until it becomes constant, 

Note. — Jn all cases exercise great care in keeping the hydro- 
meter away from the sides of the vessel and plates ; if this is not 
done i^ will give totally erroneous readings due to adhesion. 
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(4) If the sp. gr. of the acid solution is constant note it, then 
with R > at its maximum and S on contact a } note the time on 
closing S x and quickly adjust the current on A to the “normal “ 
for this coll by moans of R. 

(5) Keep this current constant in strength until the tu;id 
becomes milky" in appearance throughout — commonly known as 
boiling and due to bubbles of gas liberated from the plates. Note 
the readings of the hydrometer and voltmeter and the time 
frequently while they are varying rather rapidly, but les3 often 
as they vary more slowly, and, lastly, open S 1 when the cell is 
completely charged. 

N.B. — Probably this first cliargo will last from at least 15 to 
something like 30 hours before tho coll thoroughly comes up to 
the “boil,” and in no case should it bo stopped in the first 12 
hours except for a minute or so. Beyond keeping the current 
constant from beginning to end the other readings during the 
middle stages of charge need probably bo only taken every 1 or 2 
hours about. 

Tabulate your results as follows — 

CHARGE. 

Name . . . Datk . . . 

Name of Coll . . . Type . . . Normal rated capacity . . . Am|). -hours . , 

Weight of plates: Positive® . ..lbs. : Negative* ...lbs.: Vessel a ... lbs. : Acul= .. .lbs. 
Thickness of plates : Positive® . . . Negatives . , . 

Total surface of Positives . . . sq. ft. : Plate volume®. . . Acid volume® . . . Ratio® . . . 


Number of 
Charge. 

Amperos 

Terminal 
P.D. ( V) Volts. 

Time 
in Hours. 

Sp. gr. of 
Acid. 

Input 

Amp.-nours. 

Input 

Watt-hours. 









(6) Take note of the period of .rest (if any) which the cell has 
had since the List charge, note the open circuit P.D. at its 
terminals and the sp. gr. Then put S to ( b ) and close S x at a 
noted instant of time, quickly adjusting A to the normal dis- 
charge value for tho cell, which must be kept constant by R. 
Note the P.D. on V and the sp. gr., and the time frequently while 
they are varying somewhat rapidly, but less often as they vary 
more slowly. 

Open S x every half-hour, say for the shortest time necessary to 
just take the “ open circuit ” volts, noting the time at each. 

(7) Continue the discharge until the terminal voltage falls to 
1-80, then open S x and tabulate your results as follows — 
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DISCHARGE. 


Ngmber 
of • 
Discharge. 

Time 

in 

Home. 

\r 

Acid. 

Amps. 

Terminal Volts. 

Internal 

Resistance 

b. 

Output Capacity. 

Efllciency. 

Closed 

circuit 

V. 

Open 

circuit 

B. 

Amp.- 

hours. 

Watt- 

hours. 

Arap.- 

honr. 

Watt- 

hour. 

• 








• 




(8) Repeat tests 4-7 until the charge and discharge curves 
practically coincide, indicating that the cell has attained a good 
normal working state, and take note of the length of rests 
between charge and discharge. 

(9) Take a discharge, as per 6 and 7, for 50% unden'- and also 
“ over ’’-normal rate. 

(10) At the conclusion of all the tests carefully observe 
whether any appreciable “buckling” or disintegration of the 
plates has occurred. 

(11) Calculate tho capacity of the cell in both amp.-hours and 
Watt-hours per lb. of total plate3 and per lb. of cell complete 
with acid. Also calculate the current density used per tq. ft. of 
+ plate, reckoning both sides of each. 

(12) Plot the following curves, all like ones being on one 
sheet — 

(a) Internal resistance in ohms as ordinates and times in 
hours during discharge as abscissae. 

{b) Time in hours as absciss®, with voltage and sp. gr. as 
ordinates in each case for both charge and discharge. 

(c) Current density as absciss® and amp.-hours output as 
ordinatos. 

(d) Current in amps, as absciss® and the quantity and energy 
efficiency as ordinates. 

(34) Measurement of Resistance by the 
“Post Office” Pattern of the Wheat- 
stone Bridge. 

Introduction. — It is assumed tlut the first principles of a 
Wheatstone Bridge (W.B.) have already been studied from an 
ordinary text-book, The Post Office (P.O.) pattern, Fig. 33 II., is 
pierely a specially-arranged and compact form of W.B. placed in 
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a suitable box for portable purposes. If the principle and action 
of a W.B. is understood 'at all, and the stamping opposite the 
various terminals in the P.O. form observed, it ought to be im- 
possible to couple up incorrectly. Each of the “ proportional 
arms” r 3 and r 4 consists of three resistance coils of 10, 100, and 

1000 ohms each respectively, hence the ratio — or — can be made 

r 4 r 3 



I. 

Fio. 33. 


to earth. As therefore we r 
(rj) it is put between N and 


a very simple number. QliST 
(Fig. 33 IT.) is the “adjustable 
nrm” ?\„ and it consists of 16 
different coils and one infinity 
plug either at Q , R, or S, The 
value of ?\ j can be made any- 
thing from 1 to 11,110 ohms. 
Opposite two of the terminal? 
(A r and T) is marked {Galva- 
nometer Line) and (Line Copper 
or Earth) respectively. This is 
because the P.O. form is primar- 
ily intended for measuring the 
motaltic and insulation resist- 
ance of telegraph lines, and 
hence in the first caso that lino 
.would he joined to N and T, 
and in the second case only one 
end to JV, the other being free 
and insulated, T then boing put 
*e measuring metallic resistance 
T. The terminals to wliich the 


battery B must be connected are equally obvious. The white 
dotted linos on the top show where the under contacts of the 


keys K l and K 2 are joined to, inside the box. In any form 
of W.B. variation of the battery E.M.F. or its resistance or 
that of the galvanometer (6 T ) has no effect on the accuracy of 
the measurement. The sensitiveness of the te»t, though princi- 
pally depending on that of G, can bo increased within limits 


by using a larger E.M.F. and making r v r 2 , r 8 and r 4 as nearly 
equal as possible. The hatimj key K 2 must always be pressed 
before the galvanometer key K l to allow the currents in the c 
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arms to becomo steady before pressing K v Tho battery key 
should be pressed for no longer in order to prevent the eoils 
being heated by the current and their resistance thereby altered. 

% It shoiUtd also be broken last to avoid the risk of damaging G by 
inductive kicks when measuring inductive resistances. In 
inserting plugs press in liyhtihj and (jive about $ of a turn to 
insure good electrical contact. Reverse this operation when 
removing them. The ends of all connecting wires should bo 
scraped clean. 

Apparatus. — P.O. Bridge; sensitive galvanometer G (p. 571); 
2 or 3 Leclanch^ cells B. 

Observations. — (1) Connect up as indicated in Fig. 33 II., and 
adjust the galvanometer noedlc to zero. 

(2) Note once for all the direction in which G deflects when 
(r 2 ) Fig. 33 II. is too large to give balance (done by taking out 
“ Inf ” in r 2 with, say, r 3 = r 4 = 10). 

Note. — Until balanco is nearly obtained, only tap A r j for a 
fraction of a second. 

(3) Make »* 3 — 9' 4 «10 and balanco tho bridge by altering r 2 so 
as to get no deflection on pressing K 2 and then A\. If it is 
impossible to get exact balance, note the steady doflection when 
r 2 is just too large and too small, and calculate the correct 
intermediate resistance to give balanco, by proportion. Thus 
if = steady deflection of tho galvanometer to ono sido of zero 
for the adjustable arm ~B V and d 2 = that to the other sido of zero 
for the adjustable arm = /*' 2 , then if 1^ is greater than J? 2 we 
have (7^-72.,) ohms corresponding to a deflection of (d l + d 2 ) 
scale divisions, 

and d 2 corresponds to (72 x - 7 i* 2 ) f ohms. 

Hence tho resistance of the arm, which would give just no 
deflection (the required condition) 

mB « d^d ., oWr *' 

(4) In order to obtain the truo resistance (vj) of the unknown 
which is being measured, without the process of interpolation 
mentioned in the latter part of 3 above, the value of r H or r i may 

be varied. Thus instead of ~ being = or 1 as in 3 above, we 
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might have -» » if**, '$„• or T ^, depending on the 


value of thfc unknown r v In many cases this will be equivalent 
to having decimals of an ohm in the adjustable arm (r 2 ). .. Hence * 

r * * 

increase or decrease the ratio of — and adjust r 2 so that on press- 


ing K 2 and then K l no deflection whatever occurs on the galvano- 
meter. Then note the values r 2 , r 3 and r 4 . 

N.B. — If the unknown resistance r x is greater than 11,110 
ohms, then r 4 will be greater than r 3 , but if (r x ) is less than 
11,110 ohms, then ?* 4 may be either = , or less than r. A . Tabulate 
as follows— 


Real stance 
tested, j 

1 Propoitlonal Aitob. 

Adjustable 
Arm r 2 . 

Unknown Resistance 

»1 = r J x r 3 . 
rs 

Mean rj. 

i 

r s . | r 4 . 







Note.— The limits of the P.O. Bridgo are (toSht x 1) = 0 01 ohm 
and x 11,110) = 1,111,000 ohms, but measurements become 
less accurate as they approach these limits. 


(35) Measurement of- the Armature Resist- 
ance of Dynamos and Motors, and of 
the Copper Resistance of Transformers 
and Electric Light Cables. (Potential 
Difference Method.) 

Introduction. — The Wheatstone Bridge is inapplicable for 
measuring very low resistances, and even if such were just 
within its range, the measurement would not be accurate owing 
to errors introduced by the variable contact resistances ig the 
circuit. Tbe following method, which depends directly on the 
, definition of resistance, can be used to accurately measure very 
. low resistances, such as are mot with in large electric light 
cables, the armatures of dynamos and motors, and the low tension 
coils of transformers. 

The P.D. at the terminals of each resistance can be measured 
relatively by a sensitive galvanometer, whose resistance is large 
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compared with that between the two points to which it is applied. 
Under these conditions its insertion will not lower the P.D. to 
%be%nea£ured. If it is a reflecting instrument the scale deflections 
will be proportional to the P.D. 

The most suitable instrument for a workshop test, which as a 
rule does not admit of the use of a delicate galvanometer, is a low 
reading voltmeter, having fairly large resistance, and reading to 
about 1 or 1*5 volts for a full scale deflection. Such an instru- 
ment, although not nearly as sensitive to small differences of 
potential as the galvanometer, has the advantage usually of 
being more portable, and also less easily affected by magnetic 
fields in the vicinity. 

Apparatus.— Known standard low resistance E of about 0*01 
ohm (Fig. 273) ; low resistance r 
lo be tested ; Pohl’s commu- 
tator C( p. 584) j secondary cell 
B \ rheostat Eh (p. 597) ; fairly 
high resistance galvanometer 
(p. 569) or low reading volt- 
meter G, preferably of the 
moving coil type ; reversing 
key K (p. 585); switch S. 

Note. — The ends II and E of 
tlio low resistance (r) to be 
tested will of course bo the 
terminals of the transformer 
coil, the ends of the cable or 
the brushes of the machine, the field coils being disconnected - 
temporarily. Tho length of lead between D and II in the Fig. 
is immaterial. 

Observations. — (1) Connect up as indicated in tig. 34, and 
adjust the galvanometer or voltmeter needle to zero. Clean tho 
collecting arrangement at the part where the brushes press with 
fine emery cloth, assuming, for example, we are dealing with a 
dynamo or motor. To prevent the armature rotating, see that 
tho field circuit switch is open, and that the brushes press on 
opposite ends of a diameter in the case of a direct current 
commutator. 

(2) W ith Eh full in, close S, and adjust the current to give 
^boufc Quarter-scale deflection with the largest resistance of the 
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two, for then the deflection with the other is bound to be on the 
scale ; thesji note tho galvanometer deflection on each side of zero 
by turning K, when G is across each resistance in turn. # • 

N.JB. — Tho resistance Ilk should be sufficiently liigh to prevent 
the current strength altering during any one pair of observations, 
and to provent this current being strong enough to sensibly 
warm the resistances. The more sensitive the galvanometer the 
smallor this will bo. After taking deflections with the second 
resistance, it is advisablo to retake those with the first in case 
the current lias altered. If they are not the same, tako the mean 
of those on the respective sides of zero. For very accurate work 
a reversing key should be used with B to eliminate any thermo- 
current effects. 

(3) Repeat 2 for half, three-quarter, and full scale deflections, 
and calculate tho unknown resistance r from the formula — * 

ll~r = i/ lt -i- d r 

Tabulate as follows — 


Name . . . Date . . . 

Low Resistance tested . . . Standard low Resistances . . Ohms 


Deflection across Jl. 

Deflection nerobs r. 

Ratio, 

d, 

_ d, L 

Unknown, 
r ohmsBiil* 

da 

Right. 

Left. 

Mean 

Right. 

Left. 

Mean 

d, 










Inferences.— Prove tho formula given in 3, and stale any 
assumptions made in deducing it. What sources of error is tho 
method liable to 1 How can they bo minimized 1 

(36) Measurement of Low Resistances by 
Voltmeter and Ammeter Method. 

Introduction,— The following method, applicable to the 
measurement of the low resistances met with in the armatures 
of dynamos, motors, transformer coils and electric cables, is ono 
of tho simplest and a direct application of Ohm’s law. It is not 
usually susceptiblo of tho accuracy obtainable by tho last 
method (Test No. 33) and depends on the accuracy of the 
ammeter and voltmeter used, and on that of observation. 
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Apparatus.— -Low resistance (r) to bo tested ; accurate 
ammeter (A) and low reading voltmeter {V), both preferably of 
the moving coil typo j switch S ; variable current rheostat ( R), 
the form of which will depend on the current supply (E) 
available. If K comprises two or three large secondary cells, 
then R may be a carbon rheostat (p. 507), but i^ E should bo a 
100 volt supply, then R may be a bank of lamps (p. 598). 

Observations. — (1) If, as is indicated, an armature resistance 
is to be measured, connect up as indicated in Fig. 35. Adjust 


Fkj. 35. 

tlio pointers of A and V to zero, and soe that the field circuit 
of the machine is kept open throughout the whole test by keeping 
the field switch open or otherwise. 

(2) With V connected to the terminals TT of the machine, as 
actually shown, and with ( R ) full in, close A and take simul- 
taneous ascending and descending readings on V and A for some 
five or six currents on A, differing in strength by about equal 
amounts between 0 and full-load armature current by suitably 
varying R — the armature beiny at rest all the time. 

Note. — This measurement will give the Static “ brush contact” 
resistance + resistances of armature and both brush leads BT. 

(3) Repeat (2) with tho armature rotating [by hand) while 
taking readings. 

(4) Repeat (2) with the armature at rest, but with the ends 
of the voltmeter wires disconnected from TT and carefully 
inserted under the brushes BB, so as to press against the proper 
commutator segments, the straight ends of the wires so inserted 
being parallel to tho length of segment. Tabulate all your 
results as follows — 


Name . . Date . . , 

Nature and Hal mg of Low Resistance tested . . . 


V connected to 

Actual 

Resistance | Amps A 
being tested j 

Volti V 

Resistance (?) — ^ 

Mean 

Resistance 



1 
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(5) Plot, on sms azss, curves having values of V as ; 
ordinate^ and (A) as abscissas for tests 2, 3 and 4. 

Inferences,— What can bo deduced from tho curves and ( 
values of (j*) obtained 1 * 


(37) Measurement of the Armature Resist- 
ance of Machines and other Low Resist- 
ances by simple Potentiometer Method. 

Introduction. — Since by Ohm’s Law V = I.E., where V = the 
P.D. across the ends of a resistance R carrying a current /, it 
follows that when the samo current I flows through two 
•resistances, the P.D. ( V ) across each is oc to that resistance. 
Tho previous test (No. 35) was based on this fact, but sinca 
actual deflections (« to tho P.D.s) bad to bo compared, the 
accuracy depended to somo extent on the current-deflection law 
of the instrument used, and on the instrument having a high 
resistance relatively to those measured. The present test, based 
on tho CJark-Poggcndorff method of comparing two E.M.F.s, 
and unlike tho deflection method No. 35, is a null or zero 
method or one in which no deflection is the condition to be 
obtained, lienee the law of the instrument is immaterial, and 
an increase in its sensibility increases the accuracy of tho test. 
Since also in this method the E.M.F.s to be compared arc in 
turn placed in series with the instrument, the contact resistances 
of the connection to these E.M.F.s, as also the resistance of the 
connections, are immaterial ; hence the greater accuracy with 
such a null method. Test No. 39 employs precisely the same 
principle as, but is a greater elaboration of, and a little more 
accurate than, the present method, in which we shall use a* single 
or multiple metre bridge having a stretched undamaged wire 
of high resistance material, of uniform cross sectional area and 
^eize, and which will not sag due to heating by the current 
from one secondary cell connected direct to its extremities. 
Thus the E.M.F.s to be compared can be balanced against the 
uniform fall of potential along the wire due to a constant 
current flowing through it, and tho ratio of the lengths so 
balanced will be that of the £yM.F.s across them. 
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Apparatus. —Armature A to be tested; known standard low 
resistance 11 ; switch S ; variable rheostat r ; secondary cells 
% B *and # E ; Pohl’s commutator or change over key G\ metre 
bridge PQ with sliding contact key ; sensitive galvanometer G. 

Observations. — (1) Connect up as shown in Fig. 3G and 
adjust G to about zero. Ensure the 
connections being such that when C is 
turned so as to include tho fall of 
potential of either R or A in the circuit 
of <7, each P.D. opposes that along PQ 
duo to K. 

( 2 ) With r full in, close S, and 

adjust r so that with C turned to the 
larger of the two resistances, a posi- p 
tion, say, Lx cms. from P, is obtained 
at which thoro is no deflection on (7. p f0 35 

(3) Now quickly turn C to R finding 

some position Lr cms. from P at which G docs not deflect J next, 
again verify whether tho point Lx still gives balance. Jf 
slightly different take tho mean of the new position and that in 
obs. 2 . 

(4) Obtain several pairs of positions such as Lx and L R by 
altering (>*) and tabulate as follows — 



Nvvr. . . . Datf . . , 

Nature of unknown Resistance . . . 

Value of known Resistance It =» Olinis. Galv No. . . . 


WireB xv con- 
necti d to 
which joints 
of A 

Unknown 
Resistance 
measured, 
Hot or Cold. 

Distance of Slider from P. 

La I ht 

Unknown 

Resistance 

hi 

Mean value 
of H a ohms. 








Inferences. — On what docs the accuracy of the test depend, 
and how can it be made more sensitive ? 
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(38) Measurement of Metallic or Conductor 
Resistance by the Silvertown Portable' 
Testing Set. 

Introduction. — Tho method used in measuring the resistance 
of the conductor of the circuit under examination is that of 
Wheatstone’s Bridge. 

Fig. 37 below shows only those parts of tho instrument which 
are employed in this test, and omits tho parts and their connec- 
tions which relate only to insulation testing. The parts employed 
are the following — 

1. The adjustable resistanca This it will be seon consists of 
two sots of 9 coils, each connected to circular plug commutator^ 
or dials. One set of coils has nine resistances of ten ohms each, 
making ninety ohms in all, tho other has nine resistances of one 
ohm each, making nine ohms in all. If tho hole marked with 
any number, say 5, is plugged in the ten-ohm dial, a resistance 
of fifty ohms is inserted between tho connecting leads entering 
and leading away from the dial; and a similar rule applies to 
the one-ohm dial. Hence if tho hole 6 be plugged in the tens 
dial and tho hole 8 be plugged in the units dial, a total resistance 
is inserted in tho two in series of 08 ohms. The lowest resist- 
ance that can bo obtained is given when both tho 0 holes are 
plugged, when the coil resistance inserted is zero. Tho highest 
resistance is obtained by plugging the two 9 holes when the total 
resistance is 99 olnns. If no plug is inserted in one or both 
dials, the circuit is broken and the resistance is infinity. 

2. The second part of tho apparatus is the double set of pro- 
portional resistances, consisting of two coils of 10 ohms ea'ch, two 
of 100 ohms and two of 1000 ohms. Of these only one on each 
side of the centre is to be unplugged for any given test, and a 
rule is given later on for selecting the resistances to be employed 
to obtain the greatest possible sensitiveness; that is to say, for 
selecting those coils which will give the largest deflection on the 
galvanometer, when the resistance plugged in the dials varies by . 
a given error from that of the circuit under test. 

3. The third part is the galvanometer. Its two terminals are 
connected to the two ends of the Wheatstone Bridge by depressing 
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the contact key. It will be noticed that tho shunt coils, with 
their plug commutator, are omitted from the diagram. This 
is^doqp because they are not essential to the test, though they 
may he conveniently used when the balance of the bridge is nob 


4 -i 


7 o the endi of the ion dm (or. 

Connections for Testing Conductor Resistance. 

Fio. 37. 


yet approximately correct, and very large deflections are being 
obtained. 

4. The battery may consist of threo Leclanch6 cells, having an 
electro-motive force of about 5 volts. One pole of the battery 
is connected in the usual way to the middle of the Wheatstone 
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Briflge, and the other to the point where the end of the adjustable 
dial coils is connected to one of the terminals, to which the con- 
ductor under test is attached. The connections are made toy 
inserting the plugs at the end of the battery leads, in the two 
holes marked bridge, and immediately this is done tho current 
is established in the coils; the galvanometer circuit is of course 
not completed till tho key is depressed. 

5. The ends of tho conductor to be tested are to be secured 
under the two terminals marked bridge terminals, and in 
measuring low resistances care must be taken that they are very 
securely attached.. This may be done for very large or stranded 
conductors, either by soldering to their ends thin brass plates 
with holes in them of a suitable size to go under the heads of the 
terminals, or the connection may be made by means of finer wires 
soldered to the end of the main conductor. The resistance of 
these must be independently ascertained and subtracted from the 
gross result. 

Providing an idea is first obtained as to tho magnitude of the 
resistance to be measured, the following table will be found 
helpful in expediting any test with the “ set.” 


Table III. 


For Resist- 
ances t< sted 
between 

Values of Proportional 
Anil'.. 

No. of Signifi- 
cant Figures 
in Result 

Biitteiy 

Power. 

Remaiks. 

Left-hand 

Coil. 

Right-hand 

Coll. 

1 and 10 

100 

10 

2 

Ordinary 


10 and 100 

100 

100 


ii i 

An extra a'gnifl- 

100 and 1000 

100 

1000 



cant flgme can be 

1000 and 10,000 

10 

1000 


Increased 

obtained, calculated 

0’1 and 1 

100 

10 


„ 

by propoitlon from 

0-1 and 1 

1000 

10 


„ 

Hie deflections. 

0 01 and 0‘1 

louO 

10 

i' 

" 




A third figure can always be found in measuring resistances 
between one ohm and 1000 ohms, by observing the deflections of 
the galvanometer needles on both sides of the zero for different 
adjustments of tho dial resistances near the balancing point. 

For example, we will suppose that the 10-ohm coil in tho right- 
hand side of the bridge, and the 100-ohm coil on the left-hand 
side are unplugged, and that when 45 ohms are plugged in the 
dials, and the key depressed, a throw of three divisions of the 
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galvanometer needle is observed to the right; and when 46 
ohms are plugged we get a throw of two divisions to the left on 
thg galvanometer scale. It is clear that the resistance to be 
‘measured lies between 4*5 and 4 6, and is nearer to 4*6 than 
4*5, as two is less than three ; that is, the resistance is 4*56 
ohms. As a further example, supposo 100 ohms to be un- 
plugged on each side of the bridge, and 82 ohms to be plugged 
in the dials ; on depressing the key, no deflection of the needle 
is observed. On plugging 81 ohms in the dials, a throw of six 
divisions to the right is obtained, and on plugging 83 ohms wo 
get tho same deflection to the left. We are then amply justified 
in putting the third figure in the result as 0, and the resistance 
to be measured is 82*0 ohms. 

Except in testing at the extreme range of the instrument, i.e. 
quantities less than one ohm or greater than 1000 ohms, the 
galvanometer will be found amply sensitive, and it is better to 
place the south end of the controlling magnet uppermost, there- 
by reducing tho time of the oscillations of tho galvanometer 
needle. 

The battery should bo in circuit as short a time as possible 
to avoid running down the cells, and it is well to take out one 
of the battery load plugs when any alterations are being made 
in the plug commutators, only replacing it just before pressing 
the galvanomoter key. 

Observations. — (1) Connect up as indicated in Fig. 37, using 
the “set" precisely as there indicated. The box should bo 
placed on a table, or some other approximately level surface in 
front of the operator, he facing tho magnetic east, and the con- 
trolling magnet being in a vertical position. The pointer of 
the galvanometer will then be found to be swinging near its 
zero, and may be brought exactly to it by slightly turning the 
controlling magnet. 

(2) Find roughly tho resistance to be measured by unplugging 
ten in each of the proportional arms, and then adjusting tho 
dial resistance so as to give a minimum deflection on pressing 
t&e key, the dial readings will roughly be the value of tho 
unknown. 

(3) Now proceed to balance according to the foregoing table 
and remarks, and tabulate as follows — 
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Namb , . . Datk . . , 

Resistance tested . . . Temperature . . . 

Length of Conductor^ . . . Gauge® . . . 


Proportional Anns. 

Adjust- 

nblo 

dials 

»3- 

Deflections to tlie 

Calculated 
Res' stance 
to balance 
r. 

Corrected 
dials 
>•3 ± 

Unknown 1 
Resistance 

'>+* j 

Left 

r 2* 

Right 

Right 

J V 

with 

rl 

Lpft 

dt 

with 


1 







l’ 


N.B. — The resistance (r), needed to exactly balance, is 
calculated thus— Assuming ?* 3 ' to be greater than r 9 ", then 
( r 2 ~ r z) °^ ms corresponds to a deflection of (d x + </ 2 ) scale 
divisions, and d 2 corresponds to a resistance of 

ohms=r ’ 

, * . the correct dial resistance requisite to give no deflection 
= r 3 +r=r 3 + (r a ' - ohms. 


(39) Comparison of Resistances. (Crompton 
Potentiometer Method.) 

Introduction. — This method is a valuable one for comparing 
two or more resistances of almost any value, within reasonable 
limits, and consequently of determining the actual resistance in 
ohms of one of them, the other being an accurately known 
standard, such as one of the forms described on p. 605, which 
are some of tho accessories of the potentiometer. The method, 
which is very simple and susceptible of great accuracy, is more 
particularly applicable to low resistances such as short lengths 
of electric light cables and the armatures of dynamos, etc., 
rather than multiples of the ohm, and it can be worked in such 
a way that the unknown resistance can be read off by inspection 
directly in ohms. Thus it will be seen that the present measure- 
ment is a practical development of that known as “ Measurement 
of Low Resistance by the Fall of Potential Method,” given on 
p. 84, and is a direct application of Ohm’s Law. The principle 
of it consists in comparing the relative falls of potential down 
the two resistances traversed by the same current through the 
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medium of the potentiometer, employing the principle of the 
Olark-Poggendorff method for comparing two or moro E.M.F.s. 
The Crompton potentiometer is a specially arranged form of 
‘comparing instrument, and the operator should, prior to com- 
mencing the test, make himself acquainted with tho instrument, 
a detailed description of which is given on p. 510, together with 
the method of using it. The accuracy of "tho results is principally 
dependent on the standard known resistance, and the value of 
the largest current sent through this and the unknown must be 
such that the fall of potential down either does not exceed 1*5 
volts, and that neither is warmed up by that current sufficiently 
to alter their resistances. 

Tho observations may be taken in one of two ways — 

(a) Suppose the potentiometer has been “ set ” by tho Clark 
•ell in the usual way (p. 514) for E.M.F. or current measure- 
ments, and that the standard resistance 7?$ = 0*01 ohm. Then 
to avoid disturbing the “ setting,” balance each fall of potential 
down the two resistances, against that down the potentiometer, 
and compare the two P.D.s from the relation — , 

Vs : Vjt = R a • 

Example. — Let the standard balance with E on stud 1 and C 
at 95 on the scale, the P.l). across R s is 1000 + 95 = *1095 volts. 
If now the unknown balances with E on stud 2 and C at 190 
on the scale, tho P.l). across it = 2000 + 190 = *2190 volts, 

V Il s *2190 

. * . R lt - —y~ = x 0 01 = 0-02 ohms. 

(/3) Suppose the potontiomoter has not been “set” by the 
Clark cell. Balance up on tho standard resistance instead. 
Thus put E to stud 1 and C at 0 on the scale, and alter G and 
G t as described on p. 514. so as to “balance the potentiometer ” 
for no deflection. Now with G and G j fixed, balance with the 
unknown resistance, which position of balance will give the 
resistance R r in ohms directly. In the present instance this 
would be E on 2, or R r = 2 x *01 = 0*02. 

Apparatus. — Crompton potentiometer P (Fig. 208) ; secondary 
battery B capable of easily giving the largest current suitable 
for sending through the low resistances ; switch S ; one secondary 
cell (b) for the “ working cell ” of the potentiometer ; accurately 
known low resistance R (p. 605); unknown low resistance r to be 
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tested; standard Clark cell E\ carbon rheostat (rh) (p. 597); 

sensitive jtperiodic D’Arsonval or moving coil galvanometer (g) 

(P- 569 )* ’ ' , 

Observations.— (1) As a precaution first place the levers of 
G and E (Fig. 208) on studs 14, and that of II on stud 1, then 
connect up as in Fig. 38, in which only the row of terminals 
on the potentiometer PP is shown symbolically. 

(2) Adjust the galvanometer (g) and current indicator A to zero • 
(roughly), levelling them if necessary, A Icing merely for the 



purpose of indicating roughly about what current flows in r and 
It. See that the standard resistance R chosen is of suclm value 
as to be about the same as the estimated value of the unknown r . 

Note. — The maximum current then to be used must not produce 
a fall of potential in either R or r exceeding 1*5 volts. 

(3) “Set the potentiometer ” as indicated in either *, or 
balance on the standard resistance as in /3 above, the contact 
’ lever II referred to above being on studs IV or III respectively, 
as the case may be, thus inserting E or the P.D. across R in the 
circuit of (g) ) and taking care that it opposes the P.D* due to ( b ). 
Now close S, and adjust (rh) so as to obtain some convenient 
current on A. N.B. This last-named operation is done before 
Ulancing P by method p. 
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(4) With the positions of the resistances G and G l (Fig. 207, 
p. 510) as found in 3, unaltered, turn H to studs II or 717, 
according to the “ setting ” employed, so as to throw into circuit 
with (§) the P.D. across one or other of these terminals. Then 
adjust E and the slider G to obtain no deflection on (g) when the 
latter is pressed, and note the reading of each. • 

Note. — If it is impossible to “ balance ” owing to the spot of 
light being deflected always to one side, the P.D. down the 
resistance is assisting instead of opposing (as it should be) the 
fall due to (b) in the stretched wire ; the wires from resistance 
to potentiometer are then to be interchanged. Lastly, turn 11 
again to the sotting used in obs. 3 to see if balance is still 
obtained. If it is not, reset P and repeat. 

(5) Repeat 4 with II on the studs leading to the other 
Resistance, if “setting a” is the one being used. 

(6) Repeat 3-5, obtaining some six or eight distinct sets of 
readings by suitably altering the current through R and r, and 
tabulate your results as follows — 


Clark Cell : No. . . . Temperature- . . . °0. B.M.F. assumed- . . . Volts. 
Potentiometer setting : Aon ... Cat . . . Standard known resistance 22- . . . Ohms. 


Ammeter 
reading for 
reference only 

Potentiometer reading. 

Unknown 

resistance 

22 ohms. 

Y & 

Mean 
r ohms. 

22 in circuit. 

r In cltcuii 

Stud 
of E. 

Slider 

C. 

P.D. 

r*. 

Stud 
Of 27. 

Slider 

C. 

P.D. 











Inferences. — On what does the accuracy of the test depend 1 


(40) Measurement of Low Resistance by 
the Nalder Low Resistance Measurer. 

This method has the advantage of boing a null or zero one, 
and entails the use of a specially arranged piece of apparatus or 
measurer,* together with a secondary cell capable of giving a 
current of 5 amps and a variable rheostat to adjust this current. 

The general arrangement (Fig. 214) and method of use is 
given on p, 521, and will not be repeated here. 
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Insulation Resistance. 

Introduction. — Probably we shall not be spraying vdry far 
from the truth when we remark that Insulation Resistance is one 
of the most important matters that an electrical engineer has to 
deal with. In fact, so obvious is this that the statement hardly 
needs qualifying ; suffice it to say that a breakdown of the insu- 
lation resistance — whether of street main, appliance fod from it, 
or of an ordinary electrical installation supplied off it, will either 
cause a temporary or prolonged stoppage of the supply owing to 
the mere “ blowing ” of a protecting fuse or cut-out, or, if the 
circuit is over-fused, in the burning out of part of the circuit and 
possibly tho firing of premises in which tho breakdown occurs. 

It is therefore of tho utmost importance to be able to test the 
insulation resistance of a length of cable, main, or circuit, either 
when no curront is flowing through it or when the supply is in 
actual progress and the main or circuit “ alive," as it is usually 
termed. 

A number of different methods have been devised and are in 
general use for measuring the insulation resistance of both 11 dead ” 
and “live” cables and systems, and in the following pages devoted 
to this question some of the principal and common ones in use 
will be considered. Before, howover, proceeding with actual 
methods of measurement it may bo profitable to make some 
general remarks. 

Electrical cables and wires are in the first place tosted for their 
insulating qualities by tho manufacturer prior to being sent out 
to the purchaser, but tho latter should test them also himself, 
both before and after laying, to make sure that no faults have 
developed, and of course periodically during use. Such a mode 
of procedure is of the utmost importance if efficient working and 
maintenance is to be obtained, for it is quite possible for a cable 
to be accidentally damaged during laying and a subsequent fault 
to develop at this point, duo to the strain of working conditions, 
which will finally break down the cable. 
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(41) Measurement of the Insulation Resist- 
. • ance of Electric Light Cables by the 
Direct Deflection Method. 

Introduction. — The ordinary Post Office form of Wheatstone 
Bridge will measure resistances up to 1*111 megohms, though 
even at this maximum limit the measurements aro not very 
accurate, owing to the resistances of the arms of the bridgo being 
so widely different from one another; consequently it is unsuit* 
able for measuring insulation resistance, which almost invariably 
amounts to much higher values, often of the order of hundreds of 
megohms. The present method of direct defections , which is also 
termed tho “ simple substitution ” method, is the most accurate 
ill such cases and often the most convenient one to employ. The 
principle of it consists in comparing the deflection of a galvano- 
meter needle caused by a given K.M.F. through a known standard 
high resistance in series with tho galvanometer, with tho deflec- 
tion produced by the same E.M.F. working through the insulation 
of the cable to be tested substituted for the standard resistance. 

Preparation of Cable for Test. — This must bo carefully done 
and is of the utmost importance if the true insulation resistance 
of the dielectric is to be found, as the difference between the 
results obtained with properly and improperly propared ends is 
very great. The method of doing this should be as follows — 1 

(a) For vulcanizod india-rubber cables, the braiding, tapes, or 
other covering should be removed for at least six inches from 
each end down to the surface of rubber covering, care being 
taken in doing this not to cut or otherwise injure the rubber 
covering still left. 

(b) Wash this rubber surface with naphtha and scrape with a 
clean knife to remove any foreign material still left on the surface, 
and in this way so get a clean, fresh surface. 

(c) Taper the rubbor with a clean sharp knife for about 1" to 
2" from the end, and then carefully dry the whole of the prepared 
end over a spirit flame without burning the rubbe 1 )'. 

{d) Paint or coat the whole of the prepared end with three or 
four coatings, one after another, of clean paraffin wax, melted to 
a temperature not exceeding that of boiling water. This can be 
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done by placing the can of wax inside one of boiling water, 
whereas* if the wax is melted over a flame, it may be allowed to 
burn, and its insulating properties partially destroyed. As each 
coating of wax will have set before another dhn be got on, the' 
whole cable end will be eventually sealed by a considerable thick- 
ness of the wa!x, which being much less hygroscopic than rubber, 
will not allow moisture to accumulate and so impair the prepared 
end. In lieu of wax the prepared end may be lapped with pure 
clean warm rubber tape well stretched, but this is not so good as 
the wax finishing. 



(i) 



Fig. 39. 


• A better and much more expeditious way of eliminating errors 
due to surface leakage over the ends of a cable which is being 
tested for insulation resistance, than that just described of care- 
fully tapering the ends and coating them with paraffin wax, is to 
employ an ingenious device known as Price’s guard-wire. This, 
when properly applied, gives complete protection from errors due 
to end leakage in the direct deflection method, where the cable 
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ends are close to the galvanometer, and, consequently, the connect* 
ing wire between cable core and galvanometer is air insulated. 

In tho case of other methods, such as the loss of charge test, 
extra precautions are necessary to avoid errors (vide Phil. Mag . 
vol. xlix. pp. 343-7, April 1900). 

If the cable ends are close to the galvanometer then Price’s 
guard-wire device in its simplest form is shown in Fig. 39 (/). T is 
a lead-lined tank of water in which the cable C to be tested, for 
insulation resistance, is immersed. The ends of C are prepared 
with a long clean taper (t) from the core W, so as to give a long 
clean surface of insulation exposed to leakage. A thin copper 
guard-wire is wound two or three times round the tapered 
part rather nearer the outer braiding than the core W and con- 
nected as shown to the galvanometer G and high voltage battery 



and we shall have no leakage, but if any leakage oxists (v) will 
tend to keep up the potential of IF, the dofiection of the galvano- 
meter Q being now reduced in the ratio — > where a and b 

a + b 

represent the conductivities of G and t respectively. Consequently 

the correct result will be - - - -- x deflection. 

a 

It will, however, be evident that in some cases the cable ends 
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cannot be brought up close enough to the galvanometer in order 
to have an air insulated wire connecting G and IF. 

The simplest and best way of gettiug over this difficulty is that (i 
suggested by Prof. Ayrton and Mr. T. Mather and represented in 
Fig. 39 (II). The innor conductor (it) of a concentric wire (K) is 
used to connect W and G, the outer ( oo ) connecting (r) with 
junction of G and B as before. Now if oo has a high insulation 
resistance compared with the internal resistance of the testing 
battery B , complete protection is afforded against surface leakago, 
even though KK is lying on tho ground. 

Apparatus. — Sensitive high resistance Thomson astatic re- 
flecting galvanometer G with its box of shunts 1 S\ known 
standard high resistance R ; unknown insulation resistance 
(r) of cable to be tested; well-insulated battery B of either 
Leclanchd or secondary cells capable of giving an E.M.F. of froiSi 
100 to 500 volts ; two-way highly insulated spring tapping key K 
(p. 586) ; suitable lead-lined water-tank IF. If the " lead ” or 
cable to be tested is small enough, it may be run direct from the 
key K into the water-tank IF (clear of everything) and coiled 
up under water, the free end being carefully kept dry and left 
standing upright, about 12" out of the water, as indicated at D. 

Tho tank should contain ordinary cold tap-water at a tempera- 
ture of about 70° F., and the cable to bo tested should be allowed 
to soak in this for 24 hours before tho test, with its end trained 
up in mid-air abovo the water somo 12" or so. 

If the cable is too large to be taken up to G , a short well-insulated 
G.P. covered wire must bo tied on to it at G } and the joint insu- 
lated as at D. In all insulation tests at least the working pres- 
sure which the cablo is to be subject to should be used to test 
it with. 

The known standard high resistance may preferably consist of 
a metal megohm, but in lieu of this costly piece of apparatus, a 
carbon megohm, checked against a metal 100,000 ohm coil occa- 
sionally, will do quite well, and costs only a few pounds. It 
must, however, bo borne in mind that such a resistance slowly 
alters its value with time and temporature, so that the temperature 
should be noted each time it is checked by the present method. 

Note. — To avoid damaging the galvanometer, which is a very 

1 Or the Ayrton and Mather Universal Shunt-box. 
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delicate one, the shunt-box provided with it must always be used 
in the way indicated below. 

Jests. — (1) With the lever switch or short circuit bar of S down , 
thus short circuiting the galvanometer terminals, and also with 
the shunt-plug in the hole, connect S up to G first , and then 
the rest of the circuit as indicated in Fig. 40, and'adjust the spot 
of light to zero by means of the controlling magnet. 

(2) Kemove the short circuit in S, and, with the ^ shunt 
plugged up, gently tap A' for a fraction of a socond so as to complete 
circuit through the standard known resistance R ; if the deflection 
is inappreciable, release K to plug up the A shunt, and again 
tap as before, and so on until a convenient steady deflection d R is 
obtained. Note this and the shunt S R in use at the time (if 
any). 

• N.B. — The hey K must always be released before altering the shuntS. 

(3) See that the short circuit lover of S is down so as to short 
circuit the galvanometer terminals, and that the shunt is 
in. Now close K through tho insulation resistance, and after 
about half-a-minute open tho short circuit switch. 

Note. — If this method of proceeduro is not followed a sudden 
ballistic rush of current may ensue through G, just at first, from 
the high battery KM. F., into the cable, owing to this latter acting 
as a capacity, i. e. condenser, and thus damage tho galvanometer. 
At the end of one minute noto tho steady deflection d r , and with 
the key K still closed, again at the end of every minute up to 
between five or ten, say. 

If without the wire connecting K and W there is leakage from 
battery and galvanometer which gives a deflection d rl . Then 
(d r + d r i) or (d r - d rl ) must be used instead of d r simply, according 
as to .whether d r , is opposite or in the same direction as d r 
respectively. 

(4) Repeat 2 and 3 for about 3 or 4 pairs of deflections if 
possible in different parts of the scale, with R and r, by altering 
S, and calculate the insulation resistance (r) from the formula 
below, and tabulate as follows — 
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Nam* . . . Dath . . . 

fbNi.— Insulating material » . . . Resistance of Galvanometer G~. . .ohms @ . . . *0. 

Slse of copper core «... S.W.O. „ Standard R =s $ . . . „ 

length Immersed L «... Miles. «. 

Time of immersion «... Hours. Temperature «... * • 


E.M.F. 

used. 

Stai 

R 

dard Known 
esistance. 

Unknown Insulation Resistance. 

In ohms 
R. 

Deflection 

d R. 

Shunt. 

S R 

Time in 
min. from 
closing K. 

Deflection 

dr. 

Shunt 

Sr. 

r megohms. 

Megohms 
per mile 
rxl. 











(5) Plot a curve betwocn time of electrification in minutes as 
absciss® and corresponding deflections d R as ordinates. 

Note.— If (say), 

Inferences.— Prove the formula mentioned in 4, i. e. : 

and state what assumptions are made in deducing it. 

Should it be found impossible to keep the deflection on the scale 
with the standard known resistance in circuit and the ^th shunt 
in, using the full battery E.M.F., then employ only a known 
fraction of this total E.M.F. (as measured by an electrostatic 
voltmeter) wlion taking a deflection d R with the standard, whence 

V 

in the above formula we must use — x d R instead of d R simply 

whore V = full E.M.F. and v that used to obtain d R . In testing 
short lengths of highly insulated cablo at the least an E.M.F. of 
300 or 400 volts should be used. 

• Referring to the ten 1-minute readings of deflection in ob- 
servation 3 above, tho deflection will fall rapidly at first and 
then more slowly. This is not due to increase in the insulation 
resistance, as it might appear to be, but to dielectric absorption 
in the cable through this acting as a condenser. 

This particular test is a good one for developing a fault which 
would pass observation in a tost of 1 minute’s electrification, in 
which case there would either be an irregular — or no — crawling 
of the deflection in the 10 minutes. 

Insulation resistance is usually specified in megohms per mile 
at TO* F. after 24 hours’ immersion and 1 minute’s electrification 
at some definite voltage. 
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It is necessary to record the temperature at the time of the 
test, as the insulation resistance decreases as temperature increases. 


Jo Conductor of Cable. To Earth or Sheathing, 



Fig. 41. 


(42) Measurement of Insulation Resistance 
by the Silvertown Portable Testing Set. 

This is a measurement of the electrical resistance of the insulat- 
ing material of a cable to the passage of a current from the inside 
conductor through the insulation to the lead sheathing, wet yarn, 
armour, or other outside conducting surface, and the inverse of 
the insulation resistance is generally termed the leakage. 
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This measurement is effected by a method known as that of 
direct deflections. It consists in passing a current from a battery 
through a galvanometer into a conductor of a cable whose farther § 
end is free and disconnected, thence through the insulating 
material to the outside coating or earth, and so back along a 
temporary conductor to the other end of tho battery, the deflection 
of the galvanometer needle produced by this current being noted. 
Replacing that part of the circuit which was formed by the insu- 
lating material of the cable by a standard resistance of known 
value, wo obtain a new deflection of the galvanometer needle. 

The diagram Fig. 41 shows only thoso parts of the apparatus • 
and their connections that are used in this measurement; those 
which relate only to tho measurement of conductor resistances 
being omitttd. 

The arrangement, it will be seen, is as follows : — One pole tff 
the battery — the battery of LeclancM cells giving an E.M.F. 
of about 100—200 volts is normally employed— is connected by a 
conductor, ending in an ebonite-headed plug, to tho lower of the 
two plug-holes marked insul*' Thence the current passos along a 
connecting wire to the block marked snuNTs, and thence through 
the galvanometer to the upper block on the other side. Wo may 
observe in passing that these two main blocks, one on each side, 
are practically the terminals of the galvanometer. If a shunt is 
plugged, |th, Tr^th, or ^tg-th only of the current passos through 
tho galvanometer, the remainder finding its way through the 
corresponding shunt coil. 

From tho upper block on the left-hand side the current may 
take two paths, according as tho hole marked insul*' or that 
marked 50,000 ohms is plugged ; if neither is plugged, the circuit 
is brokon, and no current can pass. This plug forms consequently 
a convenient make and break key. If the hole marked insul*- i8 
plugged, the current passes to the terminal marked insul*', so 
through tho insulating covering of the cable to the outside 
sheathing or earth, back to tho terminal marked earth and the 
plug-hole marked E , and then along the lead to the other pole of 
the battery. If, howevor, the hole marked 50,000 ohms be 
plugged, the current will pass through the coil of 50,000 ohms, 
then along a connecting wire to the plug-hole E, and so back to 
the battery. 
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In beginning this test the conductor of tho cable, or insulated 
wire, or a temporary lead attached to it, is connected to the 
B terminal of tho instrument marked insul 11 -, and another lead, con- 
nected to the outside sheathing of the cable, or the wet soil in 
which it lies, is attached to the torminal marked earth, care 
being taken that those leads are separated, and" that no circuit 
exists between them except through the insulation of tho cable. 

It will be observed that when all the holes in the straight 
commutator near tho front of the box are plugged, the key 
on the left-hand side, which is used in the bridgo test as a galva- 
nometer make and break key, becomes for tho insulation test a 
short circuit key, and is useful for checking quickly the oscilla- 
tions of the needlo. 

N.B. — Although the maximum voltage of the testing battery 
Visually employed with this testing set is only 100 volts, tho set 
can he used with a testing voltage of 200 volts, as required by 
the Board of Trade regulations. In this case, instead of using tho 
multiplying power of 20 as described above, the multiplying 
power of 100 should he used in taking the constant — tho deflection 
thus obtained will be the same ns that which would bo given by 
the unshunted galvanometer through a total resistance of five 
megohms, and tho calculation of tho resistance to bo measured 
would then bo made in exactly tho same manner as described above, 
except that five megohms will he substituted for one megohm. - 

In making this test tho following points may be called 
attention to — 

(1) Too much care cannot be taken in preparing the ends of 
tho cable. Since we are measuring a very small current of 
electricity passing from tho conductor to tho outsido sheathing, 
through the insulated covoring, it is clear that our results will be 
entirely misleading if any current be allowed to pass over a dirty 
surface at the ends whero the conductor is exposed. These ends 
should be lookod to beforo testing, and in tho caso of india-rubber 
or other firm material, the section of tho insulator should be ’ 
pared all over with a sharp and perfectly clean knife. For 
methods of preparing the ends see pp. 99—100. 

(2) Care should be taken not to short circuit the battery, which 
may easily occur in two ways. One is by allowing the two battery 
plugs to touch one another, when the other ends of the loads are 
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attached to the battery terminals ; and another is by allowing the 
lead attached to the earth terminal to touch that attached to the 
insulation terminal. * 

In both cases the battery of small cells will be for a tinJe much 
overworked, and in the second the needle may become bent or 
demagnetized. ‘ 

(3) Another point that may bo noticed is that in deducing the 
insulation resistance per statuto mile from a test on any given 
length, the result obtained from a test on the lattor is to be 
multiplied by tho length of the piece in miles, and not divided 
by it. 

For oxample, if tho insulation of a cable threo miles long be 
15 megohms, the insulation per mile will bo 15 x 3 or 45 meg- 
ohms; or again, if tho insulation of a piece of cable, whose 
length is 350 yards, be 7520 megohms, the insulation per statute- 
mile will be — megohms = 1495 megohms. 

If tho galvanometer deflections are proportional to the currents 
producing them, and the E.M.F. employed is constant through- 
out tho whole test, then we have current oc deflection oc 

m — “tt : or if 11 t = insulation resistance tested and 

total resistance' 1 

d j — deflection through it, and if R s = standard known resistance 
and d a - deflection through it, then 

whence Rj R s megohms, 

R a dj dj 

where R a = the standard resistance in megohms. 

If, however, the galvanometer is shunted with, say, a £ shunt, 
for example (with tho insulation), so that only 3 - of tho main 
current goes through it, then, since without the shunt the 
deflection would be five times as great, we have 

Ki = Al R s megohms. 
odj 

Thus, for example, suppose that a given battery produces on 
the needle of a galvanometer placed in series with the insulation 
of a cable in the manner described, a deflection of 10*3 divisions, 
and that on substituting a resistance of one megohm for the 
insulation we get 42 divisions, we find that the insulation resist- 
ance is t 4 ^«4'1 megohms approximately. 

Again, for example, suppose that the current from the battery 



ELECTRICAL ENGINEERING TESTING 


109 


when passed through a constant resistance of 50,000 ohms gave 
a deflection of 42 divisions on a galvanometer shunted to -jVi aQ d 
# that when passed through the cable insulation it gave 23 divisions 
with tfie galvanometer shunted to the insulation resistance 
would be gjxj megohms = *37 megohms approximately. 

In cable testing the battery employed should m all cases give 
an E.M.F. at least = the working voltage under which the cable 
works. The terminal marked Earth on the right of the galvano- 
meter must be connected to earth (?. e. nearest gas or water-pipe) 
or to the water of the tank if the cable is being tested in 
such. 

Tests. — (1) Connect up precisely as in Fig. 41, and adjust the 
galvanometer needle to zero. 

(2) Now take the “ constant ” of the galvanometer by plugging 
^,he 50,000 ohm holo and tho ^ shunt and note the steady 
deflection d s . This is the same deflection as that which would 
be obtained with the same E.M.F. through (50,000x20) = 
1,000,000 ohms, or 1 megohm for no shunt at all. 

(3) Plug up holo marked insul n . instead of that in 2, and 
adjust tho shunts (if necessary at all) to obtain a steady deflection 
dj, preferably as nearly = to d s as possible. 

(4) Calculate the insulation resistance from one or other of the 
preceding formulae and note for reference merely the E.M.F. 
used in the test. 

N.B. — If the cable has been soaking in a water- tank note the 
time of immersion and the temperature of the water. Also the 
number of yards immersed. 


Insulation Resistance of Electric Light 
Street Mains and House Installations. 

Introduction. — Mains. — Seeing the extreme importance of 
maintaining continuously, and without any intermission of any 
kind, the supply of electrical energy from a central station when 
once commenced, it should be tile endeavour of any engineer 
to obtain and lay tbs best possible class of cables in the most 
efficient, thorough, and lasting manner in his power. The item 
of mains in tho supply of electrical energy is a very serious one 
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at the best, and usually amounts to something like from J to § 
of the cost of the whole undertaking. 

Notwithstanding this, however, the best possible main oijly 
should be laid if the system is to be a lasting one, free from 
perpetual worry to the engineor, of cablos breaking down and 
the consequent' temporary discontinuity of tho supply. The 
insulation, jointing, and laying should be the bost it is possible 
to obtain, for oven in localizing a fault the accuracy of the test 
will greatly depend on the goodness of the joints. 

There are roughly speaking three tests, which should be carried 
out on any new cable or main, namely — 

(a) The insulation and copper resistances of ‘each cable drum as 
soon as it arrives from the manufacturers. This can only bo 
done satisfactorily under a pressuro of at least double that which 
the cable will work at in practice, and with the whole cable 
drum wholly immersed in water at about 70° Jb\, the ends being 
carefully kept dry, trained out of the water and prepared in the 
manner described on p. 99. Keliablo results cannot bo obtained 
from a well-wetted drum, only from one wholly immersed for 24 
hours. 

The insulation resistance should be obtained by tho “ direct 
deflection ” method after one minute’s electrification (i. e. applica- 
tion of tho battery), and again at tho end of every succeeding 
minute for some ten minutes. 

The first reading will give, or should give, at least, the spccifiod 
insulation resistance of the maker. 

The second and subsequent readings are extremely useful in 
showing tho existence of undeveloped faults in the cable insula- 
tion, which would in the usual course of events pass tho specifica- 
tion in the ono-minuto test unnoticed. Should the insulation bo 
faulty, the galvanometer deflection will hardly fall at all after 
the first minute's electiification, or may fall in irregular jumps. 
The resistance of the copper core should be taken and noted down, 
as well as the length of tho cable on tho drum. 

(b) The insulation and copper resistances during laying both 
before and after jointing in tire following manner : — A careful 
test should be made on the first section of the line, one end of 
which we will assume is in the station when laid, but before any 
joint is made, and with both ends carefully prepared (see p. 99). 



ELECTRICAL ENGINEERING TESTING 


111 


If satisfactory, it will show that no damage lias Lcen done to it 
in the laying operation. 

Xhe second section is then laid and carefully but temporarily 
is connected to the first section by a piece of lead. These two 
adjacent ends and the far end of section 2 are carefully prepared 
and the two sections tested. If the insulation resistance per 
mile 1 is up to specification, section 2 is all right and can be 
now jointed to 1 and the test repeated. If not the same as 
before the first joint is defective and should be rc-mado. Now 
lay section 3 and again test as before, and so on ; thus, finally, 
the whole lino will have been tested section by section as the 
laying proceeded, and, lastly, as a whole. In this way a record of 
all the tests will be to hand at any future date, while any damage 
done in laying, or any badly-made joint, will bo at once detected 
by fall in the insulation re&istanco per mile, and a rise in the 
copper resistance per mile. 

(c) Daily tests (while working or otherwise), the precise 
method of performing which will depend on whether the main is 
a high or low tension one. 

A fault occurring should at once bo localized and remedied. If 
on a “ feeder ” it can easily bo found, but if on a distributing 
main, sectioning off may be necessary to localize it. 

The apparatus requisite for these tests is ilie same as that 
enumerated on p. 101, and with which the testing-room of 
every station should be provided, in addition to other instru- 
ments. 

The minimum insulation resistance for low tension cables at 
100 volts is about 300 megohms per mile after 24 hours’ immer- 
sion and one minute’s electrification. In high tension cables at 
2000 volts it is about 4000 megohms per mile under similar 
conditions. 

Ordinary Installations. — Many of the preceding remarks 
apply here. For examplo, it is much more economical in the 
long run to wire a building with high-class insulated wires and 
leads as also with good fittings having fairly high insulation. 

1 The insulation resistance per mile = measured (total) resistance x the 
length in miles tested. This arises from the fact that the leakage current 
through two miles is twice that through one mile, assuming, of course, that no 
appreciable fault exists anywhere along the length of cable. 
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The last-named condition to be aimed at is an important one 
when we bonsider that every lamp switched on brings one or 
more fittings, such as a lamp-holder, cut-out, .switch, coiling 
rose, etc., into active use, thereby adding so many additional 
parallel paths of surface leakage through which current can leak 
away to earth. This in other words means a diminution in the 
total insulation resistance of the whole installation, and which is 
considerably aggravated by damp weather, dust and dirt, etc. 
With respect to leakago of current, the rule given by the 
Institution of Electrical Engineers is that the total leakago 
should not exceed ■yiiW'h part of the total working current. 
Numbers of different rules and regulation^ aro given by the 
various Fire Insurance and Supply Companies. As an example 
of the latter wo may cite the rules of the Edinburgh Corporation 
for installations tested at 115 volts with minimum insulation 
resistance. 


Table IV. 


For 12 lamps 5*0 megohms. 
„ 25 „ 2 5 „ 

„ 50 „ 1*5 „ 

„ 75 „ 1*25 „ 

„ 100 „ 10 


For 150 lamps 0‘75 megohms. 
„ 200 „ 0’5 „ 

„ 250 „ 0 3 „ 

„ 300 „ 0 2 


The rules of the Leeds Corporation for 200 volt circuits are 
some 20% less than the above in tho minimum insulation 
resistance for the same number of lamps in the respective casos. 

Ordinary insulation resistance tests for installations must be 
taken with — all fuses “ inf all lamps removed from their holders 
and all switches “on,” witli at least the working pressure for 
which the installation is intended, but preforably double this. It 
is then advisable to make three tests as follows — 

(a) of the insulation resistance between + ve leads and earth, 

{^) » ft if » » “ V ° » M .>> 

(c) „ „ „ „ „ + Te and - vo leads. 

The value in each case should not be less than that specified 
above or thereabouts for tho particular number of lamps installed. 

Usually the insulation resistance for alternating current 
circuits has to be greater than for direct currents, and in some 
regulations these are as 1 : 2. 

The importance of testing at or even above the working 
pressure will be seen from the following figures by F, Uppen- 
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born of Berlin, which show in a marked degree the way in 
which the so-called insulation resistance varies with different 
^voltages. 

Table V. 


Resistance between • j 

Terminals of slate cut-out. 

Two twisted cotton covered wires. 

Volt 1 . Mftjohm . 

5 OS 

10 63 

18-0 46 

27-2 24 

Volts. iff g ohms, 

6 281 

10 1SS 

16-9 184 

27-2 121 


This drop in the ‘reading of insulation resistance as the volts 
increase will generally ho found to occur with, and is due to, 
moisture in or on the insulation under test. The increase of 
woltage may either break the insulation down, or the current, 
duo to the voltage, may partially dry the moisture out and 
the reading gradually rise with tho time of application. 

Further, in measuring insulation resistance, sudden variations 
will sometimes be observed, especially will such be noticeable in 
direct reading testing sets. This is invariably due to metallic 
or other conducting particles on tho surface (or, very rarely, 
buried in the insulation) promoting surface leakage, and the 
rapid fluctuations aro duo to intermittent sparking between such 
particles. Thus a direct reading testing set discriminates 
between low. insulation duo to damp, that duo to dust, and that 
due to conducting particles, or whether the insulation is 
disintegrating under electric stress. 

(43) Insulation Resistance of Electric Light 
Installations, Cables and Machinery by 
Evershed’s Direct Reading Portable 
Testing Sets. 

Introduction. — While there are several portablo insulation 
testing sets on tho market of both the direct and indirect 
reading types, we shall here consider tho time-honoured form duo 
to Mr. Sydney Evershed, which indicates the instantaneous 
insulation under high pressure by tho direct deflection of a 
pointer on a scale. Thus the tests can be safely entrusted to 
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anyone possessing practically no technical skill who can mako a 
report, and so enable defective work to bo discovered bcforo 
coveting in. 

The Evershed type is made by Messrs. Evershed and Vignoles, 
Ltd., in two forms, namely — 

(1) The “ Megger ” Insulation Testing Set , which is the most 
modern development of the early form of Evershed ohmmcter 
and generator. 

(2) The “ Bridge-Megger" Testing Set , which combines the 
functions of the first-named “Megger” set with those of a 
Wheatstone Bridge. 

Both sets consist of an ohmmeter of the moving coil typo 
combined ir one box with a hand-driven generator for providing 
the necessary testing pressure and currant. When the handle 
of the generator is not being turned, the pointer is entirely free 
and will rest anywhere on the scale. 

The internal construction and arrangement of the ohmmcter 
portion in both sets is the same, except for some minor additional 
details in the case of the Bridge-Megger set, which will bo 
indicated later on. 

We will therefore consider the use, firstly, of type (1) above, 
namely — 

The “Megger” Insulation Testing Set— The generator 
portion of this particular set may be cither of the variable 
pressure or constant pressure kind. Unless the electrostatic 
capacity of the work to be tested exceeds one microfarad or so, 
a variable pressure instrument is suitable, which is the case for 
testing wiring, switch gear, dynamos and motors, arc lamps, 
instruments and accessories. Megger insulation testing sets 
being ohmmoters, their readings aro independent of the applied 
pressure. If, however, the insulation under test has a large 
electrostatic capacity, the reading may become unsteady, due to 
the capacity current, caused by the variable pressure flowing 
through the current coil only ; but even on large capacity, once 
the circuit is charged, the capacity current ceases and the 
reading becomes perfectly steady. 

For work likely to have a capacity exceeding one microfarad 
or so, such as the wiring in metal conduits, lead-covered cable, 
underground mains and a modern system of house-wiring in 
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metal conduit, which has often a considerable capacity, the 
constant-pressure type of set should always be used. 

Qihe typo of testing set now being considered is intended 
primarily for the measurement of insulation resistance, and is 
not available for metallic resistance tests. The low-range 
variable pressure sets are made in three ranges of 0-10, 0-20, 
and 0-100 megohms with 100, 250, and 500 volts respectively 
(at 100 revs, per min.), while the constant pressure low range 



To Line Terminal. 

To Guard Terminal. 

To fc'arth Terminal. 


TANK CONTAINING 
CABLE 

UNDER WATER. 


sets are made in the same tlireo ranges together with a fourth 
for 0-200 megohms with 1000 volts. The high-range constant 
pressure sets are made in three ranges of 2-1000, 4-2000 and 
4-5000 megohms with 500, 1000 and 1000 volts respectively. 
These last-named “Megger ” Insulation Testing Sets an; provided 
with a guard wire terminal, and, as explained on page 100, any 
error in tests of high insulation duo to leakage internally or 
across the surface of the insulation under test can be eliminated, 
and hence the readings of the set remain unaffected, by tightly 
wrapping a so-called bare guard irire round the tapered insulation 
between conductor and earth, and connecting it to the guard 
wire terminal as shown in Fig. 42. 

To Measure Insulation Resistance by the 
“ Megger” Insulation Set. 

Observations. — (1) For both low-range-tvo-iaWe and -constant 
pressure sets, as well as for the high-range constant pressure 
set ; place the instrument on a steady base, hut not on the 
bedplate of, or very close to, a dynamo or motor. 

(2) Connect the terminal marked line to the insulated copper 
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core of the appliance under test, and that marked earth to a 
good earth such as a water-pipe or earthplate; or for testing 
between, say, two insulated wires, connect one, wire core to .each 
terminal. Then — 

(3) Turn the handle in a clockwise direction at a speed of at 
least 100 revs, per min., at which — 

In variable-pressure sets, the generator will be giving its rated 
or normal voltage which can be increased by increase of speed, 
and — 

Inconstant-pressure sets, the clutch is felt to be slipping (for at 
any speed above that necessary to give slipping, the voltage will 
be constant). Now read the insulation resistance as given by 
the deflection of the pointer on tho scale. 

(4) High-range constant pressure sets (in addition to obs. 
1- 3 above) must bo levelled by means of tho spirit-level set*n 
through the hole in the dial, and the index must be adjusted to 
infinity before connections aro made to any of the terminals, by 
rotating the handle above tho clutch-slipping speed and turning 
the knob of tho index adjuster one way or the other until the 
index stands exactly on tho mark at infinity. 

Note. — In testing circuits of considerable electrostatic capacity 
it is essential to maintain full speed for at least a minute before 
taking tho reading. Further, to eliminate errors due to surface 
leakage, a guard wire (see p. 100) must be used. 


To Measure Insulation Resistance by the 
“Bridge-Megger” Testing Set. 

Observations. — (1) Connect up, as in Fig. 43, and turn the 
change-over switch to “Megger,” tho instrument being on a 
steady base and not very close to a dynamo or motor. 

Note. — In all cases the line terminal must bo connected to 
the insulated conductor of tho circuit or applianco under test 
and the earth terminal to a good earth, such as a water-pipe or 
earthplate, or the equivalent. This with machines may be the 
framework, with conduit wiring should be tho metal conduit 
itself, with lead-covered street main should be the lead sheathing, 
and for non-sheathed cable should be the water in the 
immersion tank, etc. 
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(2) The handle is then rotated clockwise just above the speed 
at which the clutch is felt to slip. This occurs at about 100 
ren per min., while at any higher speed the voltage is constant, 
and the insulation resistance is then read off by the deflection of 
the pointer on the scale, 

R*rio * c hangs 



(44) To Measure Conductor Resistance by 
the “Bridge-Megger” Testing Set. 

For uso in this measurement, the adjustable standard known 
resistance box, supplied with this set, is required. Then to 
measure — 

Resistances under 100 ohms. — (1) Stand the instrument on a 
steady base and with all terminals freo from any outside 
connections. Adjust the pointer to “ infinity ” on the scale by 
turning tho knob of the index adjuster one way or the other 
until tho pointer or index stands exactly on tho infinity mark. 

(2) Connect up as in Fig. 44, sot the change-over switch to 
“Bridge,” the ratio switch to 10 or to 100, and all the 
resistance box dials to zero. 

(3) Rotate the handle slowly clockwise with tho right hand, 
when the pointer will float off tho scale on tho side marked 
“ increase It ” above the lino marked G , simultaneously with the 
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left hand raising the value of R by turning the resistance box 
switches until the pointer exactly covers the lino G. 

(4) Now rotate at full speed to give maxiiyium voltage «and 
hence sensibility, readjusting the box resistance R } if necessary, 
to keep the pointer on the line G. 

Then tho resistance tested = the value of U ~ 10, or by 100, 
whichever is in use. 


RESISTANCE BOX 



Resistances from 100 to 9099 ohms.— (5) Operate tests 1-4 
above, except that in (2) the ratio switch is now set to 1 
instead of to 10 or 1.00 as above. Then tho resistance in tho 
box required to balance the pointer exactly on the lino G is now 
the value of that under test. 

Ifote. — When measuring field coils of dynamos and motors, 
or other metallic resistances of large self induction, the generator 
must bo driven above the speed at which tho dutch slips to 
ensure the current being constant in the arms of the bridge. 

Resistances from 10,000 to 999,900 ohms {by “ Bridge ” 
method)— (6) Operate test (1) above. 

(7) Connect up as in Fig. 45, set the change-over switch tc 
“Bridge,” and the ratio switch now to 10 or to 100. 

Note.— It will be observed that tho connections of the 
unknown resistance and box to the testing set in Fig. 45 are 
just tho reverse to those of Fig. 41. 

(8) 0|>erato tests (3 and 4) above, remembering that the 
directions “increase R” and “decreaso IV' are now also * 
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reversed, and that the unknown resistance now == box reading to 
balance X 10 or 100, whichever ratio is in uso. 


• * P DISTANCE UNDER TEST RATIO CHANGE-OVER 



Resistances from 10,000 ohms and upwards (by “ Megger'* 
%wthod ). — This method is more rapid, but less accurate than the 
last, and is operated exactly as for Test No. <13, p. 115, the con- 
nections being as in Fig. 40. 

CHANGE- 
RATIO OVER 



(45) Measurement of the Insulation Resist- 
ance of a Complete Electric Light Instal- 
lation and plant while working. 

Introduction. — Tho insulation resistance of any system of dis- 
tribution of electrical energy when not working can be determined 
by one of the preceding methods. These are, however, inap- 
plicable to systems actually running, and consequently “alive" 
at tho full working pressure. It is most important to make 
frequent, if not daily, tests of the insulation resistance of any 
installation in order that a gradually developing fault, which 
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would cause tho insulation resistance of the whole system to 
gradually foil, might be discovered in time and romediod before 
it perhaps burnt itself out and fired the premises., , ( 

Tho following method is a simplo and convenient ono for 
making such a test on any system, whether that of a country 
• house, having its own 

a ±M generating plant or the 

ma in distributing network 
b ~ M of a largo town. The ar« 

“ rangcincnt is shown in Fig. 
47, whero +M and -M 
are the positive and nega- 
tive mains or wires of a 
two-wiro system of direct 
current distribution. *■ 
The contact studs 1 and 2, 
of a two-way key K (p. 58G), 
aro eloctrically connected 
(temporarily or otherwise) to 
any points a and b of these mains, which might be the + and 
- ’bus. bars on tho switch-board. The common terminal of K is 
connected through a Fold’s commutator (p. 584) or other reversing 
key P to earth E (i. e. nearest gas- or water-pipe). By means 
of P , a voltmeter (V) connected to P has its terminals inter- 
changed between K and E on moving P over so as to reverse. 
Thus a curront flowing either from K to E or E to K can be 
made to give a deflection in the same direction on V by 
manipulating P. If this latter is used it can be converted 
into a reversing koy by cross-connecting the four mercury 
cups, as shown by separate connectors indicated by the dotted 
lines \ both K and P should have a good insulation resistance ; V 
should be a + and - instrument, preferably of tho moving coil 
D’Arsonval typo. It may cither be a voltmeter or ammeter, but 
we shall assume tho former in the present case. 

Observations.— (1) Connect up as shown and put K to stud 1, 
P being such as will allow V to defloct over the scalo. Noto the 
reading on the voltmeter. 

(2) Put K to 2 and reverse at P so as to still make V read on 
the scale. Note the reading V 2 . 
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(3) Calculate the insulation resistance of the wholo lighting 
system (including dynamos, battery, leads, cut-outs, lamps, otc., 
et<;) from the relation — 

R - r ’{y^v t " 1 ) 0l,m8; _ 

where r, — the resistance in ohms of the voltmeter, and V — the 
working pressure at the time across + M and - M. 

The insulation resistance of the + main is 

p -r.[r-( y i-M 

~ _ y t 

and of the - main is 

» r.r r-( 7 t -rj\ 

K, 

Since V l and V 2 are to opposite sides of zero, or on the same 
%ide by reversing at P, they must bo added ; r t sliould not be too 
large, but its value depends on the insulation resistance tested. 
If this bo 100 ohms or so, r v might be of the order of 1000 ohms. 
Since the value of R, and It 2 in ordinary small installations is 
usually high, i.e. considerably over 1000 ohms, a voltmeter may 
be used having a resistance ( r v ) of, say, 5000 to 10,000 ohms. 

Inferences. — Why is an electrostatic voltmeter unsuitable for 
uso in the abovo test ? 


(46) Measurement of the Insulation Resist- 
ance of Complete Electrical Installations 
and Distributing systems while working. 

Introduction. — The following method is one of the most 
accurate for measuring the insulation resistance of a system 
taken as a whole, but it does not give any idea as to which main 
a fault may bo developing. It is really an application of Mances’ 
method for determining the resistance of a conductor containing 
an E.M.F., and entails the use of preferably an ordinary Post Office 
pattern Wheatstone Bridge, with its detecting moving nccdlo 
galvanometer G (p. 571) and an extra-resistance (r) for safety. 
Fig. 48 shows the sketch of connections for the test, where -}~ M 
and — M are the mains the insulation resistance R of which it is 
desired to measuro ; E represents earth (i. e. the nearest gas- or 
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water-pipe); i^are protecting fuses. The P.0. Bridge is repre- 
sented symbolically by the zigzag lines A, C, S, D , which indicate 
the rows of plugged resistance coils. , 

Observations. — (1) Connect up as shown, joining the? bridge 
terminal D to somo point (a) on the distributing system to be 



tested ; r may be a few ohms or that offered by half-a-dozon or 
more glow lamps in parallel. 

(2) With the proportional arms r x and r 2 arranged so that 
r x : r 2 is as small as possible in order to obtain the adjustable 
arm r 3 large, close K x and then bring back the galvanometer 
deflection, thus produced, to zero by means of the controlling 
magnet. 

(3) Then with K x closed alter r 3 so that on opening and closing 
K 2 no motion of the galvanometer is observed. Then the insu- 


lation resistance of the system as a whole is R ~ - r 8 ohms. 

r 2 

Note. — This method can bo employed in the case of alternating 
current systems at work by placing a few cells of a battery in 
place of (r) and using a galvanoinotcr that will not indicate 
alternating currents. The mode of procedure is then the same 
as before. 
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(47) Measurement of Insulation Resistance 
• and detection of faulty Telegraph Insu- 
lators. 

Introduction. — Tt is of paramount importance tliat all insulators 
intended for use on tolegraph or telephone lines should bo tested 
prior to their erection in tlio circuits. This will at once bo 
evident when it is remembered that the insulators, supporting a 
line having an “earth return,” form so many parallel circuits 
between the line and earth, and though the resistance to leakage 
of current of each insulator may be very great, yet their parallel 
resistance to tlio same may bo very considerably less, allowing a 
very appreciable current leakage to go on to earth continuously. 

’ This, especially in telephone circuits, is very troublosomo, causing 
the lines to interfere with one another, and besides this, speaking 
generally now, it gradually wastes away the batteries of cells used 
iu working the lines. Again, the insulation resistance of a 
“line,” composed of all very good insulators except one, will be 
lowered by the one single faulty cup to a value less than that of 
tho faulty insulator. 

Hence the importance of preventing, by a suitable and timoly 
test, the installation of a bad insulator, which is generally found 
to deteriorate rapidly with time. Insulators should be tested, 
proferably before the holts are inserted in them, and with an 
E.M.F. of from 100 to 300 volts after from 2 i to 48 hours’ 
immersion in a suitable manner in water. The value of the 
results of such a teht will depend, however, very greatly upon the 
exact method of preparing the insulators and of applying the 
test, and somo precautions have to bo attended to in order to 
obtain a result which is trustworthy and fair to the insulator 
itself. Tho minimum insulation resistance which each insulator 
ought to possess depends on the length of tho line on which it is 
to be used. In this country, during the worst wet weather 
conditions, it has beon found possible to maintain a minimum 
insulation resistance of ^ megohm per mile on air linos, which is 
therefore taken as the minimum, maintenance standard. Now 
the number of poles, and therefore insulators per mile of line, 
varies from 20 to 30 according to whether it is a branch or trunk 
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line. Hence, allowing the latter number, each insulator should 
have a resistance of at loast 6 megohms if the line were only one' 
mile long, 60 if 10 miles long, and 600 if 100 miles long, and co 
on, in the worst wet weather. As a matter of fact the resistance 
of a double shed or cup porcelain insulator, if a good one, may 
vary under testing conditions from 500,000 megohms to some- 
thing like 4,000,000 megohms. 

Apparatus.— Shallow trough T lead-lined inside, to which is 
attached the terminal N making contact with tlio lead ; insulators 
to be tested I Y I 2 , etc., only these two being shown ; battery B 
capable of giving 100 to 300 volts E.M.F. and consisting of 
either Daniells, secondary or other convenient cells ; very sen- 
sitive high resistance reflecting galvanometer G with* its shunts 
(S) ; high insulation two-way key K (p. 586) ; high insulation 
test rod t connected to A by a well-insulated length of gutta- 
percha covered wire; standard megohm r. 

N.B. — In this and all other similar high resistance tests, the 
connections should be in mid air as much as possible, and all 
insulating material quite clean and free from dust and finger- 
marks. 

Assuming all the insulators to be perfectly cloan on the inside 
and outside of thoir sheds, there are two modes of procedure, in 
each of which they are immersed in the trough T with the water 
up to within balf-an-inch of the lips of thoir outside walls. 
Thus— 

(a) The wholo of the inside of each insulator kept clean and 
dry, the resistance then from bolt lb) to water being very 
approximately their insulation resistance under working line 
conditions. This is usually so high that the galvanometer is not 
sensitive onough to indicate the extremely small current passing 
unless the insulator is actually deflective. If it is all right tho 
only way usually to obtain a deflection is to test from 100 to 200 
in parallel at one time. 

(J) The inside of the shed or sheds carefully filled with water 
by means of a pipette to within half-inch of the lips, the resistance 
now from bolt (b) tooutsido water showing whether the insulator 
is faulty through the leakage # current passing through its sub- 
stance, assuming tho unimmersed lips to be clean and dry . The 
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show 600 megohms at least, preferably 2000, which is the minimum 
in some telegraph services. 
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In the following test wo shall adopt the latter mode of testing, 
since the former is in most cases impracticable. 

Observations. — (1) Carefully clean the porcol^in or earthen- 
ware portion of each insulator, especially tho lips, with clean 
cold water. Then dry the lips merely in a place frecfiom dust, 
and place thom'with their holts pointing upwards (Fig. 49) in the 
tank packing up the smaller ones so that all the lips are at 
about the same level, but not touching one another. 

(2) Now pour water into T to within half-inch of tho lips and 
into the cups, by means of a pipette, to the samo level. Then 
allow the insulators to soak for about forty-eight hours (in a 
place free from dust), so that the water will percolate or soak 
into any cracks or flaws in the mass of the earthenware. 

(3) Before testing, hold a hot iron close over the rims 
of each insulator for a short time to dry off any moisture, asF 
it is necessary that these parts should be quite dry. For this 
reason avoid testing on a damp day, unless tho air of the room 
is dry. 

(4) Connect up as shown in Fig. 49. Test the insulation 
of the connections between i and k before each set of observa- 
tions. This will be satisfactory if G does not deflect when the 
connecting wire is supported in mid-air when t is held in the 
hand. 

(5) With the galvanometer at zero and the ^ J ^ th shunt in, 
close A r 1, so as to bring r into circuit, and note the steady 
deflection (</), then closo K 2 (opening K 1) and touch tho bolt of 
each insulator successively with t , noting tho deflections D in 
each case if any. 

(6) Repeat 4 and 5 for tho i and no shunt if possible. 

(7) In tho case of tho double-shed insulators, such as I x 
(Fig. 49), touch tho water between the sheds with t, thus ob- 
taining the resistance of tho outer shed. Next connect metal- 
lically the water between tho sheds, and also that outside, and 
touch tho bolt with l, thus getting the resistance of the inner 
shed. 

(8) The approximate resistance of all those insulators which 
Bhow an extromely high insulation can be obtained by parallel- 
ing them or joining their bolts together metallically, and then 
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taking a reading (as in 6), first with the + ve of the battery to T t 
and second with the - ve to T, the insulators being discharged 
injbetween the two reversals. Calculate tho average of each 
insulator from the combined or parallel resistance so obtained. 

(9) Employ the formula given below, or its modification, and 
tabulate your results as follows — 


Name . . . Date . . . 

fialviuiomctui Hcbiat. 0 =... Olims at. . . ’ C. Internal Battery Resist. = . . . Ohms. 


Insulator 

tested. 

After 

liour’s 

iiumeision. 

Distance 
of Water 
from Lip 

Temp. 

of 

Room. 

E M F 
used. 

Shunt 

S. 

Deflection. 

Known 

Resist- 

ance 

(•)■ I 

tiiBiiln 

Resist- 

ance 

R. 

known 

«(. 

unknown 

D. 









1 



</{r(l +|.) + g}= />{*(1 +J-) + tf}. 

If S =-■ J (say), then -A_ = X V or (1 +'!) = 10. 
If no shunt is used S =• oc and ^ = 0- 


(48) Measurement of the Insulation Resist- 
ance of Storage Batteries. 

Introduction. — In tho erection of a storage battery, provision 
is made for the efficient insulation of every cell composing the 
battery, from earth, by supporting each on suitable insulators, 
and keeping the cells from touching one another. Notwithstand- 
ing these precautions, leakage of current, from various causes, 
may go on in a greater or less degree. It may occur in different 
parts of the battery, or in the leads running from the battery, 
and tho resistance opposing the leak may, and usually does, have 
different values at different parts of the battery; in other words, 
the partial “earths” at the various points are of unequal resist- 
ance, which prevents tho insulation resistance being obtained by 
an ohmmetcr or other portable testing set. 

The difficulties thus met with are got over by employing the 
present method duo to Mr. E. S. Jacob, and which at once gives 
tho joint resistance of all the earths at whatever points of the 
battery they may be located. 
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Apparatus. — Sensitive high resistance galvanometer G ; ad- 
justable known resistance box ( r ); battery B x . . . B 2 to be tested, 
there being any number of cells between the" two B ^ and B % 
shown. Key I( of very good insulation (p. 586), battery stands, 
or equivalent earth E. 

N.B. — Earths or partial ones, t. e. leaks, may be assumed to 



occur at points P P x ... P 0 , etc., and r 7^ . . . fi 9 to bo the re- 
spective resistance of such earths. 

Observations.— (1) Connect the key K , galvanometer G } and 
resistance box (r) to tho battery system at any point P, as shown 
in Fig. 50, E being earth, i. e. the nearest gas- or water-pipe, and 
adjust the galvanometer needle to zero. 

Note. — Chooso the point P, so that a conveniently largo deflec- 
tion is obtained on G, for it will be found that there is a certain 
point of minimum potential from which it increases on either 
side as the contact is moved one way or the other. 

(2) With r = 0, press K and note the current Cg and, for refer- 
ence only, the relative position of the point of contact P on the 
system, 
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(3) With everything the same as in 2, adjust (r) so that on 
pressing li the now current C r on U is about \ C a . Note the 

# resietanco r and this deflection or current C r . 

(4) Repeat 1-3 for two' or throe different values of r. 

(5) Repeat 1-4 for two or threo different points of contact P. 
(fi) Calculate the insulation resistance of the wholo battery 

from the relation — 

Jl = C J<>+Az£sf ohms, 

0 ^'r 

and tabulate as follows — 


Namk ... Pam . . . 

Buttery: Tjpc . . . Containing boxes of . . . No of rolls . . . 

Galvanometer Resistance g = . . . Olims (ft . . , e C. 


RHulive 
, position of P. 

Value of 

1 Olnns. 

Cun out 

C a 

Curu-nt 

Cr 

InsuliiUun 

RcMstlilK'O 

Ji Ohms 







Inference. — Prove the relation given in C, and state any 
assumptions made in obtaining it. On what does the accuracy of 
the test depend 1 


(49) Insulation Resistance of Dynamos and 
Motors. 

Introduction. — Since the total amount of leakage from a. system 
of electrical distribution depends on the number of appliances 
connected to the system, which represent so many parallel paths 
for leakage currents to take, it is of great importance to increase 
the resistance in these paths, and so diminish, as much as possible, 
such currents. This, in other words, means that the insulation 
resistance of all appliances on the system should be as high as 
possible. Ilenco it becomes of importance to carefully measure 
the insulation resistance of motors and dynamos, both in courso 
of manufacture and when installed before running is commenced. 

The Institution of Electrical Engineers recommends that the 
leakage current should not be allowed to oxeecd -j^th part of 
the maximum current in the system at full load. As a general 
rule the total insulation resistance of all the insulatod parts of a 
dynamo or motor, joined together, from the frame of tlio machine, 

K 
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i. e. earth, should be at least equal to that of the rest of the 
circuit which it has to run on, but preferably much greater. The 
present test is a simple and convenient one for obtaini»g t the 
insulation resistance of, say, a dynamo, and is as follows — 

Observations. — By means of a high resistance voltmoter of 
resistance R v ohms measure the P.D. V at the terminals of the 
machine when running at normal voltago not connected to any 
circuit. Also measure the P.D.s V 1 and V 2 between the + and 
- brushes and the framo of the dynamo. Then we shall 
have— 

Total insulation resistance of the machine 

It = LrJJi±Jjl Jt, ohms. 

Vi + ^2 

(50) Localization of Faults in Electric 
Mains. (Murray’s Loop Method.) 

Introduction. — In tho precoding pages, some of the best and 
most important methods of measuring the insulation resistance 
of electric mains have beon dealt with, but the localization of the 
position of any prominent and serious fault in such is a matter of 
equal, if not greater, importance. The insulation of the cable 
may or may not have broken down at the fault, but obviously in 
either case, since the opening up of the duct in which the cables 
are laid is often a serious matter in a busy thoroughfare, it is 
important to be able to localize the position of the fault to within 
a very few feet. 

There are two important methods or systems of localizing 
faults, each comprising modifications of the principles employed, 
viz. — 

{A) “ Loop ” methods. (jB) “ Fall of Potential” methods. 

The latter, though extremely simple, are less easy of application 
than the former, and must be applied so as to suit the conditions 
of the particular fault. Loop methods are much more generally 
applicable, and are preferable for the following reasons — 

(1) They are “ null ” or “ zero ” methods. 

(2) They are easier to work. 

(3) The accuracy is not affected by variations of the fault 
resistance. 
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(4) The test is performed in the same way for mains of any 
section and whatever the fault resistance. 

■\fe shall therefore restrict ourselves to one of the best of 
these loop methods, but before taking it in detail there are a few 
romarks which must be made. 

Loop methods require a continuous circuit of main or cable 
from the place where the testing instruments are, through the 
faulty portion and back again, which is termed the loop. The 
two portions of cablo between fault and instruments should 
have good insulation resistance, but need not have the same 
i sectional area throughout. Referring to Fig. 51, let MSN be a 
cable, the two ends of which cannot be brought closer to the 
terminals A and C of a Wheatstone Bridge than the points M 
and N respectively. 

• Let there be a fault at some point P between the core of the 
cable at P and the earth E, tho resistance to earth being much 
less than that at any other point. This is called the fault resist- 
ance, and may bo represented by r. 

Tho fault might bo on the “ outer ” of a concentric main, in 
which case the “ inner ” and “outer ” conductors would be care- 
fully joined at tho further end S, so as to form a complete circuit 
or loop. 

Tn fact, in practice we should either he dealing with this case 
of a concentric main or with a fault on one of a pair of separate 
mains. 

Tn either case the loop would be formed by making the best 
possible joint betweon the two ends furthest from the testing 
point, by disconnecting them from any terminals to which they 
might be clamped. Now it is obvious that the cable ends M and 
N cannot be clamped under the terminals of the bridge, owing to 
their size and to them terminating in a position in which it would 
be impossiblo to have tho testing apparatus. Smaller connections 
AM and CWinust therefore be used and also allowed for in working 
out the results of observations, and this is done as follows — 

Let D 1 distances from M and irrespectively to the looping 
point, 

and d 2 — distances from A to M and from C to N respectively, 
sectional area of either conductor of tho main MSN ilt 

and «g=s sectional area of the connections AM and CN 
respectively. 
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Then, since resistance is directly oc we see that AM 

section 

has the same resistance as, or is equivalent to a length of the main, 

MSN = i. d. and CN to a length = Id , ,. 

*1 . ' 

Hence tho bridge will behave as if the resistance between C and P 
(which = resistance of CN+ resistance of NP) was that = to a 

length of the main cable - 7 > 2 + - . d. r 

The whole length of circuit L between A and C is — 

£ = 7 ). +*-.<?, +i‘<i, + n„ 

The expression or value for I may very greatly bo simplified 
by making J) 1 = ])., and also d l = d 2 , which latter can easily be 
done, and by choosing single wires for the connections A M and CN 
of the same gauges as each wire of the strand forming the main 
MSN. Thus if the main was -J-J- in size, uso for tho 
connections. 

If this is done and n=-N°. of wires in the strand of either 
conductor of tho main, 

then £-27) + 2. n d - 2 (D + n. d.) 

The lengths of A M and CN, though , should be as short as 
possible, so that their resistance is not large compared with that 
of the main cable. 

Apparatus. — Post-office or other pattern Wheatstone Bridge ; 
sensitive galvanometer G (p. 569) ; battery B oF Leclanche cells ; 
fuse F) resistance R ; suitable connections AM and CN and 
main to be tested. 

Note. — A few secondary or primary cells may form the 
batteiy B, and if the fault resistance r is anything like 1000 
ohms, a battery giving 100 volts might lo used. The fuse F is 
to prevent tho bridge coils being fused up should r break down 
unexpectedly, and it can be dispensed with if a primary battery 
is used. It is as well to earth the battery, if not a primary one, 
through a resistance li of a few ohniL. 

The more sensitive G is, the greater the accuracy of the test, 
'and quite small wires may be used to connect G and B up, as 
their resistances do not affect tho accuracy of the test. 
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Observations. — (1) Connect up as shown in Fig. 51, and adjust 
the galvanoinetor G nearly to zoro. See that a very fine fuse 
js inserted in F, if necessary at all, and make fairly good earths 
at EE. Good soldered joints at M, N and tlio looping point are 
practically indispensable, as well as good tight clean contacts at 
A and C. Inattention to these points will vitiate the results. 

(2) Plug up r x = o and unplug r 2 = 1000, with, say, the Infinity 
filuy out in r 3 . 



I’m. 51. 


(3) Press A\ first and then tap IC, for an instant, observing 
which way G deflects for ?* 3 so great. 

If on inserting “Inf” G defects tho other way on manipulating 
A\ and II 2 as before, then a balance can bo obtained by adjusting 
r 8 so that G does not deflect on pressing K ] and then A'.,. Note 
the value of r 2 , r y If no balance can bo found, the fault P is 
very close to M or N when tho connections to A and G should 
bo interchanged. 

(I) If the balance appears to bo insensitive r 2 = 100 or 10 may 
be tried and (obs. 3) above repeated. 

(5) Calculato the equivalent distauco of tho fault P from the 
terminal G by moans of the relatiou 


and tabulate your results in a convenient way. 


N.Tj.— T he distance of P from N therefore — l — ~ d 9 

h 

(G) Interchange tho connections to A and G and ropeat obs. 
2-5, and if the result now given is close to tho previous one, take 
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the mean pf the two as the correct one. If they differ consider- 
ably, the contacts are bad and must be improved. 

In this latter test the distance of l 3 from A iB given by 

l = - J5l. L. 

r * + r 8 


(51) Calibration of Speed Indicators. 

Introduction. — There are many different forms of speed indi- 
cators or tachometers, as they are frequently termed, some of 
which var in accuracy with the time for which they aro in use. 
It thus becomes of importance to standardize such instruments 
at frequent intervals when accuracy is required. This can 
be done either by comparison with an accurately calibrated 
tachometer specially reserved for this purpose only, or by taking 
simultaneous readings on the instrument to be checked and 
time readings on a speed counter. This latter method, being 
the more generally applicable of the two, will be the one here 
considered. 

Apparatus. — Tachometer to be tested; speed- or revolution- 
counter ; stop-watch if available, or in lieu of this an ordinary 
watch with a “ seconds-hand.” 

Observations. — (1) Arrange the tachometer so that it can be 
driven by some machine at a variety of speeds, each of which 
may be maintained constant for at least one minute. This driving 
machine must have a turned centre in one end of its shaft into 
which can be pressed the centre of the spindle of the revolution- 
counter. 

(2) Drive the tachometer at the lowest convenient speed 
readable on its scale, and take the dial readings (Dj) of the revolu- 
tion-counter. When this speed is constant (as will bo observable 
by the instrument itself) insert the counter in the end of the 
driving-shaft at a noted instant of time, using a light pressure. 
Quickly take the counter away, the instant one minute has elapsed, 
and note the readings (D.J of its dials. Then (Dg—^i) — speed 
in revolutions per minute. 
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(3) Repeat 2 twice or three times at the same speed, and 
record the mean. 

(4) Repeat 2 and 3 for some eight or ten readings on the 
* tachometer, rising by about equal increments to the maximum. 

(5) Chock some of the readings obtained in 2-4 by taking 
observations over two minutes. 

(6) If the tachometer is adjustable, alter it so that its indica- 
tions give the correct speed in revolutions per minute. If tmad- 
justable, plot a calibration curve having values of true speed as 
abscissro and tachometer readings as ordinatos. 


(52) Measurement of Rotational Speed by 
the Stroboscopic Fork. 

This method has been in use for measuring the speed of 
generators and motors for many years. See papers by Dr. 
C. V. Drysdale — (1) on “Stroboscopy”; read at the Optical 
Society, London, in 1905, and reprinted in The Optician aiui 
Photographic Trades Review , Dec. 8 and 15, 1905. (2) “Accurate 
Speed, Frequency, and Acceleration Measurements,” Electrical 
Review, London, Sept. 7 and 14, 1900. Previous to that it 
had been used by scientists, e. g. to measure the speed of a small 
driving motor to within of 1% in the Lorenz apparatus for 
determining the absolute value of. the ohm. 

The stroboscope 
used comprises es- 
sentially — (1) either 
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* a hand vibrated, or 5^ 

(preferably) an elec- 
tro-magnetic ally 
vibrated tuning fork 
fitted with two shutters, each containing a narrow slit, and 
(2) a discoidal target of observation. 

The stroboscopic fork unmounted is indicated diagrammatic- 
ally in Fig. 52, and that used by Dr. Drysdale consists of a steel 
tuning fork, the limbs LL of which aro approximately 12" long 
X wide X /a" thick, and are supported by a tail-rod T 
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clamped in a suitable frame or stand (not shown). To the 
extremities of LL are screwed two light and thin metal strips or 
flat shutters S x (1}" X JJ") in the plane of .vibration, each, 
containing a narrow slit S (£" long) parallel to the length oiLL. 
These slits are exactly opposite to one another when the fork 
is at rest, so that in this condition the eyo can see through 
both slits. When hand vibrated the fork, while being held 
in the observer’s hand, is excited into vibration at intervals 
by mechanical impulses derived from a light blow on the 
knee. 

When elcctro-magnetieally operated, the “mako and break” » 
principle used in the electric trembling bell is adopted — an iron- 
cored coil C being mounted between LL on a support (not 
shown) adjustable, for convenience, in a direction parallel 
to LL. " 

This actuating coil C is energized from one or two dry cells 
through a “contact breaker,” formed by two platinum-tipped con 
tacts — one on a fixed support, the other on a very light flat 
spring fixed to one of the limbs L. Now when the fork is 
excited into free vibration, the line of vision through the slits S 
is interrupted by the vibrating shutters except during a 
very brief interval, once in each half cycle, or twice in each 
complete cycle of the vibration, at the moment when the slits S 
pass each other, moving rapidly iu opposite directions. If, then, 
an object viewed through the slits S is rotating so that con- 
secutive images conveyed to the eye are similar and symmetrical, 
that object will appear to the eye to be continuous and stationary, 
although actually rotating at a high speed. 

Further, a certain cyclic departure from absolute similarity 
and symmetry in the successive images seen by the eyo will 
mako the object appear as if it was rotating. If the object 
appears at a standstill when seen through S, its speed must be 
constant, and must bear a simple proportion to that of the 
vibration of the fork. Therefore, since the rate of vibration of 
a tuning fork is always very constant at all times, and almost 
independent of change of temperaturo (varying only about 
0*01% per dog. cent.), it can bo determined once for all with 
great accuracy, and hence also any speed by comparison can be 
measured with like accuracy 
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If a fork vibrates with a frequency of 50 cycles per sec., the 
eyo will receive 100 impressions of the object through the 
# slit* S per second, and will liavo G000 peeps per minute. The 
geometrical form of the rotating object viewed through the slit 
will, in conjunction with the rate of vibration of the fork, 
decide the speeds at which tho object will appear at a standstill. 
These speeds might, for example, be 100, 200, 300, etc., revs, 
per min., and the simple fork shown in Fig. 52 can only serve 
to measure speeds intermediate between these by enabling the 
eye to count the apparent revs, made by the object in one minute 
by a watch. For example, if the speed at which the object — 
viewed through the slit appeared stationary — -was 1500 revs, per 
min., and afterwards the object appeared to be rotating in the 
direction of motion at 50 revs, per min., then tho actual speed 
bf the object would bo 1550 revs, per min. If this apparent 
rotation of the object was in the opposite direction, the actual 
speed would be 1450 revs, per min. 

The determination in this manner of speeds intermediate 
between tho two nearest standstill valves, coupled with the 
necessity for such being constant, is a disadvantage in tho 
stroboscopic method, for it is obviously preferable to bo able to 
bring tho object to an apparent standstill at any speed. At 
least two methods of doing this have been devised : one due to 
I)r. Drysdale employs a special arrangement of a conical roller 
with stroboscopic disc, as described in his paper, but which lacks 
portability. In another method, designed for portability by 
Messrs. A. E. Kennelly and S. E. Wlnting, and described by 
them in a paper read at the Twenty-fifth Annual Convention of 
the Amor. Inst.E.E,, Atlantic City, N.J., June 29 — July 2, 1908, 
tho stroboscopic fork is adjustable continuously in its rate of 
vibration through a range of about 5% above and below its 
mean value without sensibly disturbing its motion. This is 
done by a pair of sliding weights, which are moved friction tight 
along about 74" of the limbs of the fork, gradually from one 
position to another, by a pair of strings, normally slack, 
passing over guide-pulleys, and vibrating with the fork. The 
form used in this design lias limbs 18" long x 1" wide x fa- 
thick, and weighs by itself almost 2 lbs. The object in using 
so long a fork was to obtain a low frequency vibration or fork- 
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speed comparable with the speeds ordinarily met with in rotating 
machinery. The fork has a mean speed giving 1900 peeps per 
min., and carried on its extremities a pair of 4-hin sheet steel, 
shutters with slits 0*59" long X 0*008" wide. Adjustments 
are provided for aligning these slits, and for tuning the fork to 
the required normal frequency. It is operated by an electro- 
magnet, tho coil of which is wound with 525 turns of No. 27 
S.W.G. enamel insulated copper wire (enamelled to No. 26 
S.W.G.), having a resistance of about 3J ohms, and requiring 
an average current .of about 0*15 amp. to operato the fork 
through a form of contact breaker already referred to. 

The amplitude of tho vibration of the fork limbs is about 
at the slits, each side of their position of rest, giving a maximum 
cyclic velocity of about 1 foot per sec. at normal fork speed. 
The relative velocity of the slits is thus about 2 feet per sec., and 
the duration of each peep through the slits will bo of a 
sec. = TF? yo 7 rff a n ” n - H eI,ce an object rotating at 1800 revs, 
per min. will only move through x Joooo = loo a revolution 
during each peep, and if it appears at a standstill through the 
slits, 1 rev. per min. more or iess, t. e. a variation of of 1% 
in the speed will cause the object to make 1 rev. per min. either 
way. 

The Target— hitherto called the rotating object , may most 
conveniently consist of a thin disc 
(between 9" and 10" in diam.) of 
sheet metal or thick cardboard 
fixed concentrically — in any con- 
venient and satisfactory way — to 
the end of the shaft whose speed 
is to bo measured. If neitner end 
of the shaft systom is avaijable, 
nor any portion of the end of the 
machine suitable for use as a tar- 
get, it may be possiblo to mount 
the special artificial target on a 
subsidiary spindle with pulley, and 
drive this by a light supplo tape bolt at a definite speed ratio 
from some part of tho machine under test. 

From many trials with different kinds of targets, it has been 



Fig. 53 . 
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found that a pure white pattern on a deep black grounding, and 
of about the size above-mentioned, is quite satisfactory. The 
pattern (Fig. 53) comprises : a square, a pentagon, a hexagon, 
a 14-point star, and an 18-point star, all concentric with one 
another, and with the disc and shaft, with a radial bar inside 
the square for enabling the apparent revolutions between 
intermediate standstill speeds to be counted easily. 

If P — number of positions of symmetry per revolution of 
any individual pattern on tho laiget. 
n = revs, per min. of the target. 

N — any whole number or reciprocal of a whole number, 
and p =?= number of peeps per min. given by the fork’s rate of 
vibration. 

Then the particular pattern will stand still when viewed 
'through the slits if 


N = 


P.n 

v' 


For example, the square or 4 -pointed star has P = 4 positions 
of symmetry per revolution. 

If a given fork provides p = 3600 peeps per min., 

Then the square will appear to stand still for actual speeds of — 
, rA • i i i at 4 x 450 . 

1 p 3600 3 


tho reciprocal of a whole number, 


and n — 1800 revs, per min. at which N~ — 

V 


4 x 1800 
3600 


2 


a whole number. 

In tho first caso the square will move through half of a position 
of symmetry, and in tho second caso through two positions of 
symmetry between successive peeps. 

Tho useful possibilities obtainable with tho above target may 
be conveniently seen in Table VI. 

Tho higher the actual speed of rotation, tho greater must be 
the rate of vibration or frequency of the slits and number of‘ 
peeps per min., and the narrower must the Blits bo, otherwise 
tho number of positions of symmetry P must be smaller to give 
an increase of pitch. 

The accuracy of this method of measuring speed is very high, 
and of tho order of about 1 part in 10,000, 
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Tabu VI.— Actual speeds In revs per. min. at which each jallem of the Target (Fig. 53) will appear 
to stand still Alien viewed thiongh the slits of a Folk giving 1800 peeps per minute. 


| Square. 

Pentagon, 

Hexagon. 

14-Polnted 

ir-rointed 







Star. 

• Star. 

P~lQT\. 

r = 8 or { 

P =r 5 or l 

P = 10 or * 

P = 6o, 

P ■= 12 m 

r - 14. 

P » 18. 

Image 

Im.uo 

appealing 

doubled, 

I in ago 

In ago 
appealing 
doubled, but 

Image 

Image 
appearing 
doubled, but 

Image 
stationary 
at every 

Image 

stationary 


stationary 

less clear at 

stationary 

less cleat at 

stationary 

at every 


at cvciy 

Intel mediate 

at every 

Intermediate 

at every 

450r.p.m.= 

ate Speeds 
or overy 
225 r }> in. = 
J Swiehr. 

360 r.p m ~ 

Speed or 

300 r p in. = 

Speed or 

r.p.m.= 

A Synclir 
Speed. 

100 r. p.m. = 

i Synch r. 
Speed. 

J Synrhi. 
Speed. 

every 

180rpm.-= 

iV Hyrlii. 

| Synclir. 
Speed. 

every 

150 r p.m. = 
Synch r 

Synchr. 

Speed. 


Speed. 


Spiel. 


Speed. 


' 

_ 

2° 5 


ISO 


150 

1*8 6 

100 

450 

450 

8(«0 

300 

St 10 

8.10 

2f,7 o 

200 

:;oo 

• 

675 

- - 

510 

— 

4..0 

385*8 

POO 

000 

720 

720 

coo 

COO 

511 4 

400 

— 

1125 

— 

wo 

— 

— 

l.l.i 0 

is 

1350 

1350 

1080 

1080 

— 

750 

771 6 

— 

1573 


1260 

900 

POO 

'too 2 

700 

1800 

1800 

H'O 

1140 


1030 

102S S 

800 

— 

2025 


1620 

1200 

1200 

1157 1 

900 

2250 

2250 

If- On 

1S«0 

— 

1350 

1286 0 

1000 

— 

2475 


1'tSO 

1500 

1500 

Ull 6 

110O 

2700 

2700 

2160 

2160 

— 

1650 

1543 2 

1200 

. — 

2025 

— 

2310 

isoo 

1800 

1071-8 

1300 

8150 

3150 

2320 

2>20 

— 

195(1 

1R00 4 

1400 

— 

3375 

— 

2700 

2100 

2100 

1920 0 

1600 

3600 

3600 

2880 

2880 

— 

2250 

2057-6 

1600 

— 

3825 

— 

3060 

2400 

2100 

21 S6 2 

1700 

4050 

4050 

3240 

3210 

- 

2550 

2 514-8 

1800 

— 

4275 

— 

312) 

C7(0 

2700 

‘2413 4 

lOt’O 

4500 

4500 

8600 

31.00 

— 

2x .u 

2572 

2000 

~ 


__ 


8000 

3i 00 




(53) Relation between Speed and E.M.F. in 
“Separately Excited,” “Shunt,” and 
“Compound Wound” Direct Current 
Dynamos. 

Introduction. — The following tests are arranged with the 
object of investigating the way in which the terminal E.JVf.F, 
of tho various types of dynamos varies with the speed when 
the machine is delivering no external current. The mode of 
procedure is exactly the same for each type of machine, and 
consequently this will he given in one concrete instance only, 
and merely referred to afterwards for the others. In all cases 
the terminals T x of the machiue are the ones to which the 
external circuit would bo directly connected. Prior to starting 
see that all lubricating cups in use contain oil, and feed properly 
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but very slowly ; also that the commutators are smooth and clean, 
and the brushes proporiy trimmed. 

•N.B. — The performance of a “ magneto ” machine would bo 
exactly similar to that of (A) below, and the “series” machine 
approximately the same also, providing the current through the 
series machine bo kept constant by varying the circuit resistance 
os the spood varios. 

Apparatus. — Dynamo D to be tested ; tachometer ; voltmeter 
(F) capable of reading sufficiently high. 

(A) Separately Excited Dynamo. 

Observations. — (1) Connect up V to and tho exciting 

coils to some outside source of E.M.F. through an ammeter 
(«), and rheostat (7i), then start 7). Adjust (R) so as to obtain 
a current which will give J max. excitation (to be kept constant). 

(2) Adjust the speed so as to obtain the lowest readable scale 
reading of V. Note this and tho speed. 

(3) liaise the speed so as to get about ten different values of V t 
rising by about = increments to the. max., andnote the speed at each. 

(4) "Repeat 3 for a similar descending set of readings. 

(5) Repeat 3 and 4 for such a current through tho field coils 
ns will give max. excitation, and tabulate your results in the 
following general form. 


Typo of Dynamo 
tented. 

Speed in Urn. 
per min. 

Rip -it" P,f/ 1 1 

I l.’ICI Is (d 111 .} ) 
a. 

Ten mi ml E.M.P.u. 

Ascending 

V. 

Descending 

7. 







(li) Shunt Dynamo. 

Observations.— (1) Connect up V to 7\ T p and start the 
dynamo. 

(2) Repeat observation (2—4 A), and tabulate in the form 
6hown above. 

(C) Compound Wound Dynamo (Long Shunt). 

Observations.— Repeat those for B above. 

Plot curves for the tests on each type of mochino in A , B and 
C above, having E.M.F. as ordinates and speed as abscissa?. 

Inferences.— Compare the above curves and results, and state 
clearly all that you can infer from them. 
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Characteristics of Dynamo Machines. 

Introductory Remarks. — There are two great classes % of 
electrical generators for converting mechanical, into electrical 
energy — namely, (1) those which supply continuous current, i. e. 
current which flows in one direction only round the circuit, and 
which are otherwise styled direct current dynamos; (2) those 
which supply alternating current, i. e. current that reverses its 
direction throughout the whole circuit many time.? a second, 
and which are usually styled alternators. As therefore the 
supply of electrical energy to any appreciable extent invari- 
ably assumes one or other of the abovo form3 of current, a 
study of the behaviour of the machines that supply it becomes 
of paramount necessity. Restricting our considerations first of 
all to the former of the above-mentioned classes, it may bo* 
remarkod that it is composed of a great variety of forms, the 
performance of which depending practically entirely on the 
method employed in winding their field magnets, in other words, 
as to whether the whole, a fraction, or a combination of this 
whole and the fraction of the wholo current generated by the 
machine is utilized in magnetizing their field magnets. Direct 
current dynamos in general may consequently be subdivided into 
the following five distinctive types according to the winding of 
their field magnet coils — 

(a) Magneto machine. 

(b) Separately excited machine. 

(c) Series machine. 

(d) Shunt machine. 

(e) Compound machine. 

All these types are used in practico, especially the last three, 
which form by far the greater proportion of direct current 
machines in use throughout the world. Only by a minute study 
of the performance and action of each type can it be seen which 
of them is the best suited for any particular purpose. 

The current that any particular dynamo will send through a 
given external circuit connected to its terminals will obey Ohm's 
Law, and will depend on the E.M.F. of the machine, as well as 
on this external resistance. 

If therefore the machine be run at a constant speed, and the 
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circuit) resistance R varied by suitable steps (say), both tlio ter- 
minal P.D. of the machine (T) and the current A will vary. 
^Assuming that V and A are noted simultaneously for each alter- 
ation of R we can plot a curvo having values of V, measured 
along tho ordinates, and A along the absciss lc, these axes boing 
rectangular. Such a curve is commonly called* the “ external 
Characteristic ” of the dynamo, and by means of it many valuable 
and practical details can at once be deduced. 

In fact, the function of a Characteristic in relation to a dynamo 
is extremely analogous to that of an “ Indicator diagram ” with 
an engine. In tho former, not morely can the qualities and per- 
formance when working be seen, but also tho H.P. at which it 
works or could most economically work at, and many defects in 
tho design — such as tho sullicioncy of the Held inagnot field, the 
degree of saturation of the magnets, tho demagnetizing action of 
the armature on the field, etc., etc. The Characteristic of a 
dynamo is therefore much more important to tho electrical 
engineer than the author ventures to think is generally supposed. 

(54) Determination of the “External Charac- 
teristic” of a Magneto Dynamo. 

Introduction. — The present type of machine under consider- 
ation has a somewhat extensivo field of use, two very important 
applications boing for blasting purposes and use with the ohm- 
meter, and indeed in all kinds of work in which a portable E.M.F. 
and small current is desired. 

Another application in the past on a heavier scale was in the 
production of lighthouse search-lights, in which kind of work 
heavy currents are required at a comparatively low E.M.F. 
Considering the machine moro in detail, when the armature is 
delivering no current to tho external circuit, the terminal 
P.D. (K) = the total E.M.F. ( E ) of the dynamo. When, however, 
a current A flows, then V is loss than E by an amount depending 
on the armature resistance r a ; for, by Ohm’s Law, 
wo have E= A (R+r„) 

where R =* the resistance of the extornal circuit ; but since it is 
solely tho P.D. (IQ which drives the current through the external 
resistance, 

V-AB, 

and consequently E = V+Ar„, 
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Thus wc see that the total E.M.F. of the dynamo is = the P.D. at 
the terminals -f that required to 
send the current A through ,the. 
internal resistance r a of the arma- 
ture. The permanent magnetism 
of tho steel magnets is approxi- 
mately constant. 

Apparatus. — Magneto dynamo 
D to be tested ; voltmeter V ; am- 
meter A ; switch S ; rheostat R 
(p. 600) ; tachometer. 

Observations. — (1) Connect up 
ns in Fig. 54, and adjust the 
pointers of A and V to zero, if 
§ necessary. See that all lubricat* 
ing cups in use feed slowly and 
properly, and that tho commuta- 
tor is smooth and clean , and the 
brushes pn'operly trimmed. 

(2) Start D up to its normal 
speed, and when this is constant, note the reading of V. 

(3) R being as large as possible, close S, and take a series of 
about ten different values of current A , rising by about equal 
increments from the smallest to the maximum permissible. Note 
tho voltage V and current A for each, tho speed being constant at 
tho above value. 

(4) Repeat 2 and 3 for a similar descending set of readings of 
V and A at tho same speed. 

(5) Repeat 2-4 for speeds 20% abovo and 50% below normal 
respectively. 

(6) Measure the armature resistance ( r a ) (while warm) by the 
Wheatstone Bridge, or if it is too low, by the “ Potential 
Difference” method (p. 84), or by the ammeter and voltmeter 
method (p. 86), and tabulate your results as follows— 

Namk . . , Datk . . . 

Magneto Dynamo tested : No. . . . Type . . . Maker . . . 

Normal Voltage =*. . . Amps. =*. . . Speed =. . . »■«,=... o'im-. . . 


Speed 

Hcvs. per min. 

Ascending. 

Descending. 

Terminal 
Volts (0- 

Amps. (A). 

Terminal 
Volts (F). 

Amps. {A). 








R 


Fio. 54. 





ELECTRICAL ENGINEERING TESTING 


145 


(7) Plot the external Characteristic curves of the machine for 
both the ascending and descending readings at each speed on the 
same curve sheet, having values of V as ordinates and A as 

* abscissae. 

(8) Deduce from these the total Characteristics of the machine 
by the graphical construction given below, drawiftg them on the 
same curve shoet (vide p. 3, obs. 8). 

(9) Plot the horse-power curves (see below) to the same axes. 
Inferences. — State clearly all that you can infer from your 

experimental results. 



Amperes 

Fie. 55. 

Graphical Deduction of the Total Character- 
istic of a Magneto Dynamo from its 
External Characteristic. 

Referring to Fig. 55 : take two co-ordinate axes having their 
origin in the point 0. Let xy be the extmial Characteristic, 
Take any point Q in the abscissae representing some definite 
current OQ to the scale chosen, and set off on the ordinates 
QP =5 OQ X r a volts. 

Join OP, which therefore represents the fall of Potential 
through the armature due to the currents flowing in it, 
or tan, POQ = r„. 
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Now take any point a ' in .ry, and through it draw an ordinate 
cutting Or and OQ in b and a respectively. Set off ab' = a&, and 
V will then be a point on tho total Characteristic. , 

Repeat this construction for eight or ten points, such as a 
along xy, and finally draw the total Characteristic xb' required. 



'/T ’ ' ~w b ' ~Cso / 

Amperes 


Fic.56. 

The performances of the machine, deducible from the above 
diagram, are roughly these— 

If the curves xy and xb’ are too far apart, it means that the 
armature resistance is excessive and is causing a large drop of 
terminal voltage. 

Again, if the lower part of xy droops considerably, it shows 
that the armature current is causing a considerable demagnetizing 
action for the larger currents when the angle of lead of tho 
brushes is greater. This downward drooping occurs more 
markedly as the field magnets become weaker. 
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Horse-Power Curves. 

*Since the electrical power IF in Watts developed by any dynamo 
giving a current A amps, at a P.D. of V volts is — 

IF- A V (Watts) 
and since 1 E.1T.P. 746 (Watts), 

. • . H.P developed = 

1 746 

Now manifestly, as the Characteristics of a dynamo are plotted 
to definite scales of volts and amperes, tho power developed at 
any point on such a curve will he equal to tho product of the co- 
ordinates of that point, and can therefore at once bo seon. 

if, however, curves of equal II.P. are, at the onset, drawn to 
• the axes chosen, the above calculations will bo avoided, for if the 
2 It.P. curve cuts tho Characteristic at a given point, then the 
power developed by the machine corresponding to the V and A of 
that point will be 2 II.P. 

To determine these H.P. curvos : Find several points such that 
tho products of their co-ordinates — 7 1 6 Watts = 1 II.P. Thus, in 
Fig. 56 wo have— 

PQ x QA = MNx NW- CD x DC** 746 Watts = 1 H.P. 
similarly PR x RW — KS x SIl « J/Fx IV- 1402 Watts = 2 H.P. 
and XZ y. Z\V - KT * TY = 2238Wntls-3 H.P. 

Then all points on the curve QNI) represent 1 H.P. 

and „ „ RSV ,, 2 II.P., and so on. 

Intermediate values of II.P., such as l f 5 H.P., can be got by 
halving tho distances between curves QND and lit ST, etc. 

These II.P. curves are simply rectangular hyperbolic if equal 
scales are used on the axes, but are distorted hyperbolas if the 
scales are unequal. Instead of II.P. they can equally well be 
drawn to represent kilowatts. 

(55) Determination of the External Charac- 
teristic of a Separately Excited Dynamo. 

Introduction. — The typo of machine under consideration 
as representing a direct current dynamo has little applica- 
tion in practico, hut as representing an alternating current 
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machine it has an extremely wide range 
of use. Such, however, we do not 
propose to discuss at this stage. ,Its t 
utility in the first-nailed use lies in 
tho fact that not merely can a far 
more powerful field be produced than 
is possiblo with any permanent steel 
magnets, which is of great valuo and, 
in fact, all-important in tho genera- 
tion of large E.M.F.s, but such a 
machine can bo used with perfect safety 
in charging secondary cells, electro- 
plating, etc., without the least fear of 
its polarity being changed should tho 
back E.M.F. of the cells exceed that of 
the machine. A further advantage may 
be mentioned, viz. that a wide variation 
of E.M.F. can be obtained at any speed by suitably varying the 
exciting current (a) by the rheostat (r). Tho main disadvantage 
lies in having to provide an independent source of E.M.F. (li) 
for exciting the field magnets (F.M.). 

The total F.M.F. is, as in the case of tho magneto dynamo, given 
by tho relation E=V+ Ar a) where A = the current flowing in the 
circuit at a terminal P.D. = V and r a =* the armature resistance. 

Tho external and total Characteristics of tho machine are 
found in exactly tho same way as for tho magneto dynamo, but 
at constant excitation as well as speed, and Fig. 67 shows the 
requisite apparatus symbolically and tho connections of the 
same. 



(56) Determination of the Internal Charac- 
teristic or Curve of Magnetization of a 
Separately Excited Dynamo. 

Introduction. — In any dynamo, the P.D. across the brushes, i.e. 
irmature, when no current flows in the external circuit, gives a 
neasure, and is proportional to the magnetization of the field 
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magnets. If therefore the field magnets of any dynamo are separ- 
ately excited by different currents from an independent source of 
JE.M.F., the corresponding voltages across the brushes, for constant 
speed, will bo approximately proportional to the inductions pro- 
duced, if the machine is giving no current. The^curve relating 
to exciting currents with E.M.F.s is termed the internal Character- 
istic, and it allows the region of saturation of tho magnets, and 
also whether the eddy currents in the armature are producing 
any perceptible demagnetization of the field, and therefore shows 
tho efficacy of tho lamination of the annaturo core. 

Apparatus. — Separately excited dynamo 1) to be tested \ volt- 
meter V; exciting circuit comprising source of E.M.F. (R); am- 
meter a ; switch K ; rheostat (r) (p. 599) ; and field coils F.M. 

Observations.-— (1) Connect upas in Fig. 57, omitting the main 
current circuit there shown connected to the armature. Adjust 
the insi ruments to zero. 

(2) Start D up to normal speed and with (r) large, close S, 
and take about ten different values of exciting current, rising 
by about equal increments from 0 to the maximum, and note the 
corresponding voltago V at each, tho speed being constant' - 
throughout. 

(3) ltcpeat 2 for a similar descending set of readings, and 
tabulate your results in a convenient manner. 

( 1) Plot the internal Characteristic having values of terminal 
voltago V (x to field flux) as ordinates, and exciting currents 
(«) (cc to magnetizing force) as abscissa*. 

Inferences. — State clearly tho meaning of tho curve, and any 
inferences which can be drawn from the experimental results. 

(57) Relation between External Current and 
Exciting Current, at Constant Voltage, 
in a Separately Excited Dynamo, at 
Constant Speed. 

Introduction. — If both the external and exciting currents 
are varied together in such a way that for a constant speed 
the terminal voltago is constant, then tho curve showing tho 
variation of one current with the other will show the increase 
of excitation that would be necessary to give constant voltage 
for varying external resistance at constant speed. 
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Apparatus. — Precisely that required for the preceding test, and 
in addition the main circuit comprising ammeter A ; rheostat R 
(p. 600) ; and switch S, «■ 

Observations.— (1) Connect up as in Fig. 57,- and adjust tho 
instruments to zero. See that all lubricating cups in use feed 
properly. 

(2) Start D up to the normal speed, and with a convenient 
excitation note the voltmeter reading V, which in future is to be 
kept constant as well as the speed. 

(3) With A* large close ti, and take about ten different load cur- 
rents A, rising by about equal increments from 0 to the maxi- 
mum allowable, adjusting the exciting current to keep the volts 
constant. Note each pair of corresponding currents. 

(4) Repeat 3 for a similar descending set of readings. 

(5) Repeat 3 and 4 for a different speed but tho samo voltage' 
by suitably altering the initial excitation, and tabulato in a con- 
venient form. 

(6) Plot curves for each speed, for both ascending and descend- 
ing readings having values of exciting current as ordinates and 
main currents as abscissa*. 

Inferences.— State clearly the practical value of the above tests, 
and oxplain the form of curve so obtained. 


(58) Determination of the External Charac- 
teristic of a Series Wound Dynamo. 

Introduction. — In this type of machine tho whole current 
developed at any time is employed for magnetizing the field 
magnets, hut these are only wound with a comparatively small 
number of turns of thick wire to carry this main current. 

The series machino is an extremely important one in practice, 
and will he found throughout the world in different parts. It is 
essentially employed as a constant current dynamo, usually develop- 
ing a small current at a high E.M.F. Tho principal application 
is in tho lighting of arc lamps in series, and as an clectro-motor 
in the various branches of electric traction work. Regarding it 
first of all from a theoretical standpoint, there is only one circuit 
in operation, and lienco but one current, in the case of a series 
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dynamo running an external circuit. Thus when this is broken 
there is no E.M.F., and the maximum E.M.F. is only obtained 
wljpn closo on tho full load current is flowing. 

The series dynamo possesses many peculiarities, the nature and 
effect of which, on practical working, it is all-important to be 
cognizant of. This investigation is best solved by obtaining the 
Characteristic of the machino and studying it. 

If r, and r a bo the resistance of the series coils and armature 
respectively, and II that of the external circuit, then when the 
voltage across the terminals is V f the total E.M.F. generated 
E = A (Ii + r„ + r a ) 

where A = the currout iu the circuit ; but V — All ; hence 
E ~ V + A (r, + r a ). 

Apparatus.- Sorics dynamo J) to bo tested; voltmeter V ; 
•ammeter A ; switch S ; low resistance (variable) rheostat R 
(p. ()0f>) ; tachometer. FM represents tho iield rnagnot (series) 
coils ; TT represent the terminals of the dynamo. 

Observations.— (1) Connect up as in Fig. 58, and adjust the 
instruments to zero, if necessary. See that all lubricating cups in 
use feed slowly and pro- 
perly, and that the bran lies 
are properly trimmed and 
the commutator smooth and 
clean. 

(2) Start D up to its 
noimal speed, and with S 
open note tho reading on 
V (if any). 

(3) With H large, closo 
8, and take about ten 
values of current A (at 

.... , no. os. 

constant sjTecil), rising by 

about equal increments from 0 to the maximum permissible, and 
note tho corresponding voltago V at each. 

Mote. — In starting, care must be taken not to decrease R too 
quickly, as tho machine might suddenly build up on its residual 
magnetism, and a largo rush of current ensue. 

(4) Itopcat 2 and 3 for a similar descending set of readings of 
Fand A. 


f 0 0 0 (T5 

0 



0 


R 

M/W\/W- 
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(5) Repeat 2—4 for speeds 20 % above and 50 % below normal 
respectively. 

(6) Measure, by means of the Wheatstone Bridge, the resistance , 
r, of tho series coils, r a of the armature, and r, + r a of the whole 
machine while warm, supposing it to be not too small, and tabulate 
your results as follows— 

Name . . . Date . . . 


Series Dynamo tested : No. . . . Type . . . Maker . . (r« + r«) * . . 

Normal Voltage = . . . Ampi «... 8pcnd => . . . Resistance ra = . . . n » . . 



Ascending. 

Descending. 

Resistance of 

Rev8,*per min. 

Terminal 
Volts (V). 

Amps. A. 

Terminal 
Volta (K). 

Amps. A. 

ohms. 

mean A 








(7) Plot the ascending and descending external Characteristics 
for each speed to the same pair of axes, having voltage (F) as‘ 
ordinates, and amps. A as absciss® in each case. 

(8) From the above curves deduce, graphically, the total Char- 
acteristics on the same curve sheet in the manner described below 
(vide notation, p. 3). 

(9) Plot the H.P. curves on tho same sheet. 

(10) Determine tho critical resistance for this machine at each 
speed and also the critical current. 

(11) Determine the internal Characteristic of the machine, and 
plot the results, having exciting currents as absciss® and armature 
E.M.F. as ordinates, to the same axes as the above curves. 

(12) Plot the external resistance Characteristic having values 

of V as ordinates and resistance of the external circuit ~ in 

A 

ohms as absciss®. 

Inferences.-— Explain tho meaning of the curves very carefully. 
How can the effect of alteration of speed for one or more points on 
a Characteristic be corrected for 1 Why does the total Character- 
istic not droop so much as the external at the higher currents ? 

Graphical Determination of the Total Char- 
acteristic from the External One in a 
Series Wound Dynamo. 

Take two co-ordinate axes meeting in the point 0 of which the 
ordinates represent voltage and the absciss® current in amperes. 
Let x be the external Characteristic curve of the series dynamo. 
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Take any point Q on the abscissa representing any current 
OQ and set off on the ordinate a line QP to represent OQ 
# x (r m + r a ) volts. Join OP, which therefore gives the rate of 
fall of potential down tho armature and series coils combined, 
t. e. down the whole machine, or we have tan. POQ = (r„ + r g ). 
Now take any point a in tho cnrvo x and through it draw an 
ordinate aba cutting OP and OQ in b and a respectively ; set off 
ab' as shown = ab, whenco b' is a point on tho total Character- 
istic. Repeat this operation for some ten different points along 



x and finally obtain tho total Characteristic y of tho machine 
at tho particular speed in question, Fig. 59. 

If tho curves start at some point e other than tho origin 0, 
then Oe is tho E.M.F. at that speed due to residual magnetism 
in the field magnets when the external circuit is open, as in 
observation 2 above; Oe will be greater the greater tho hardness 
and retentivity of the iron in the magnets. 

If the curves x and y are much separated, it shows that the 
resistance of tho machine, i. e. tan. POQ, is too great, and therefore 
that it cannot be very efficient. Again, tho summit G of the 
curve x shows for what output (GII x 110 Watts) and current 
Oil tho armature is magnetically saturated, and the drooping of 
the part^(?a; gives an idea as to tho demagnetizing action of the 
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armature on the field. It is greater in dynamos in which the 
magnets are relatively less powerful than the armature, and is 
greatest in those machines in which the armature core is rpore 
nearly saturated than those of the field magnets. 

Graphical Determination of Critical Re- 
sistance at a Given Speed for a Series 
Wound Dynamo. 

Lot the curve OCx he, say, the total characteristic of the 
machine for a given speed. Then the total circuit resistance 
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(A* + r a + ?* s ) corresponding to any point F can at once bo found i 
the resistance line y is known, and which is found as follows — 
Let N - point of intersection of the two axes 10, Fig. 60. 

NM V 10 

Then joining ON we have tan. NOM - It = 

Henco N is a point representing 1 ohm. 

Similarly N' being the point of intersection of the 20 volt 

V 20 

axis and 10 ampore one, will represent = — = 2 ohms, and soon. 
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Thus tho whole resistance line yM is obtained. 

Now to obtain tho circuit resistance for tho point P, draw 
jts £ 0 -ordinates PQ and PS and join 01\ 

PS V 55 ‘0 

Then tan. POS = -z.-r, -- = 1 -375 ohms, 

US A 40 

but MK •= 1 ’375. 1 [once the resistance of tho circuit (R + r a -f r„) 
is given by tlio point of intersection K of the join of P to 0 } and 
the resistance line My. 

Jf then P approaches the origin 0 just so close that OP 
coincides with 01 y and is practically a tangent to the curve (x\ 
• then its point of intersection with My gives the critical circuit 
resistance, above which the series dynamo will not excite. 

This point is II and corresponds to 2 ’60 ohms on the resist- 
ance lino. Thus for this speed the machine will not work if 
(R\-r a + r g ) is gi eater than 2‘G ohms. For this instance tho 
ordinates represent total E.M.F. of course, but if they were 
terminal volts and Ox the external Characteristic, then Mil 
would - tho critical external resistance 11. 


(59) Determination of the Internal Charac- 
teristic or Curve of Magnetization of 
a Series Wound Dynamo. 

This is obtained in precisely the same manner as that in tho 
case of tho separately excited machine (p. 148), and consequently 
tho mode of procedure will not bo repeated. The curve should 
be plotted to tho same axes as the ordinary Characteristics when 
tho relative positions will form a measure of tho armature reaction 
on the field. 


(6o) Determination of the External Charac- 
teristic of a Shunt Wound Dynamo. 

Introduction. — In the type of machine under consideration 
only a fraction of tho full load current generated is employed 
for the puipose of magnetizing tho field magnets, the winding 
of the coils of which consists of a large number of turns of small 
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■ gauge wire, possessing a comparatively largo resistance. This 
shunt winding is connected directly across the brushes of the 
dynamo. Shunt dynamos possess a region of approximately 
constant potential, the falling off in this Latter being mainly due 
to armature resistance. 

This type of generator is an extremely important one and its 
sphere of application very large. 

The performance and qualities of such a machine can best be 
investigated by means of its Characteristics. Regarding the 
shunt dynamo from a theoretical standpoint, suppose that A a , A, 
and A are the currents flowing through the armature, shunt, 
and external circuit whoso resistances aro respectively r a , r t and R, 
then we have A a = A + A a , since the armature current splits up 
through shunt and external circuits. 

Now sinco we aro dealing with two parallel circuits and on'e 
common potential difference, wo have, that the terminal voltage 
V=AR=A t r t and the parallel resistance of shunt and external 

. . Hr. 

circuit is — • 

X + r t 

Hence E = A a (r a + ^ 

or by substituting for A a its valuo A + A a and reducing wo get 


E - Vr 




FM 

njboimm — ^ 


ALS 


Apparatus. — Shunt dynamo 1) to be tested, of which EM 
represents its field coils in series with 
a high resistance rheostat r (Fig. 2G9); 
voltmeter V ; ammeter A ; main 
variable rheostat 11 (p. COG); switch S) 
tachometer. 

Observations.— (1) Connect up as 
in Fig. Gl, and adjust the instru- 
ments to /;ero if necessary. See that 
all lubricating cups in use food 
properly. 

(2) Start I) up to its normal speed, 
and with S open vary r so as to produce normal excitation, then 
note the value of V. 

(3) With It large, close S and take about ten different values 
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of current rising by about equal increments from 0 to the 
maximum. Noto the voltago V at each and the current A , the 
gpeqjl being kept constant at tho above value. 

(4) Repeat 2 and 3 for a similar descending set of readings. 

(5) Repeat 2-4 for spoeds 20% above and 50% below normal 
respectively. 

(6) Measure, by moans of the Wheatstone Bridge, the resist- 
ance r , of the shunt coils (warm), and by the u Potential 
Difference” method, the resistance r a of the armature if very 
low, and tabulate your results as follows — 

Nam . . . Date . . . 


Slmnt Dynamo tested: No. . . . Tjpc . . . Maker . . . 

Normal : volts . . . Amps. . . Speed . . . Resistance r,» = . . . . . . 


, Speed 
Revs. per 
Mmutc. 

Ascending. 

Descending. 

Resistance of 

Terminal 
Volts r. 

Amps. A. 

Terminal 
Volta (F.) 

Amps. (^). 

-“SSLTdhu... 

moan A 








(7) Plot the ascending and descending external Characteristics 
for each speed on the same curve sheet, having values of V as 
oidinates and A as abscissae. 

(8) From these deduce, by means of the following graphical 
construction, the total Characteristics on the same curve sheet. 

(9) Plot the II. P. curves to the same axes also. 

(10) Plot the external resistan6o Characteristic, having values 

y 

of V as ordinates and resistance of the external circuit -- ohms 

A 

as absciss®. 

(11) Determine tho critical resistance of the machine for each 
speed and also the critical current. 

Inferences. — State clearly all that you can deduce from your 
experimental results, explaining carefully tho meaning of the 
shape of the curves. 

Graphical Determination of the Total Char- 
acteristic from the External Curve in a 
Shunt Wound Dynamo. 

Referring to Fig. 62 : let x be the external Characteristic. 
Take any point Q in the axis of absciss® representing any 
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current OQ, and from it set off QR= OQ X r a volts ; join OR, 
which therefore gives tho fall of potential in the armaturo, we 

also havo tan. ROQ = = r a . " ‘ 

Again, take any point T on tho ordinates representing any 


voltage OT at the shunt terminals, and from 7* set off TS =- — ■ 

r * 



amperes; join OS, which therefore gives the current taken by 
the shunt coils at different voltages, and we have 


OT 

tan. SOQ = = r t 


Now take any point P in :r, and draw its co-ordinates Pc and 
Pf of which Pc cuts OS in d. Then cd — shunt current -A t 
and cP~ external current A. If now cP is produced to d ■ so that 
Pd' -cd, then the total armaturo current A a = A +A t ~cP + Pd\ 
Now draw an ordinate through d' cutting OR and OQ in b and 
a respectively. Then aft = loss of volts in armature due to total 
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current A„ — erf', consequently setting off rf'b' — ah vn get // a 
point in the total Characteristic which in a shunt dynamo gives 
fclie gelation between total armature current A a ~ (ff + A) and 
total E. M.F. E = - (T+ A a r, t ). On repeating this operation for a 
number of points such as P on x we are finally able to draw tho 
total Characteristic (y). 

The working part of the curve is that at tho top down to tho 
sharp bend on the extreme right. 

The critical external resistance R - tan. a for this speed, and 
the machine will only work providing R is greater than tan. a. 

Tho lower or straight portion of tho curves is tho unstable 
part. Thus it will bo seen that a shunt dynamo would give a 
nearly constant voltage for a given speed and variable external 
resistance, if it were not for the armature resistance. 

• 

(61) Determination of the Internal Charac- 
teristic or Curve of Magnetization of a 
Shunt Wound Dynamo. 

Introduction. — The internal Characteristic of a shunt dynamo 
is similar in shape to the total Characteristic of a series dynamo, 
and is a curve showing tho relation between exciting or shunt 
current and the E.M.F. across tho brushes for open external 
circuit. Since, however, the shunt current is so small that its 
passage through the armature would not cause any appreciable 
reaction or demagnetization, tho shunt may l>e excited from the 
brushes and tho armature allowed to give this small current, 
instead of disconnecting the shunt and separately exciting it 
from an independent source. When the dimensions of the 
magnetic circuit of the machine arc known, scales of tin- axes can 
bo marked in air gap flux density as ordinates, and amp. turns 
per pole as absciss®. 

Apparatus. — Shunt dynamo; variable high resistance r capable 
of carrying tho shunt current (p. 599) ; low reading ammeter («) ; 
switch S ; voltmeter V. 

Observations — (1) Connect the shunt coils of the dynamo in 
series with r, a and 8 across the brushes and V also across them, 
and adjust the instruments to zero. 

(2) Take an ascending and also a descending set of readings 
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of V and a (at constant speed, say the normal) by varying r, and 
tabulate the results in a convenient manner. 

(3) Plot the internal Characteristic having voltages V (ac to 
magnetic field flux) as ordinates and shunt currents (a) (oc to 
magnetizing force) as abscissae in both ascending and descending 
readings. 

Inferences. — Carefully point out the meaning of tho curves so 
obtained. 

(62) Determination of the External Charac- 
teristic of a Compound Wound Dynamo. 

Introduction. — The type of machine under consideration is a 
combination of a scries and shunt dynamo, so far as the field 
arrangements go, i.c. its field magnets are wound with both 
series and shunt coils. 

The compound dynamo is a self regulating machine for constant 
terminal voltage (at constant speed), independent of variations of 
external current. The principle of tho self-regulating property 
is as follows : — As the external curront increases in tho case of a 
shunt dynamo tho lost volts due to armature resistance and 
demagnetizing reaction of tho armature in tho field reduces the 
effective magnetism of the field magnets, but this increase of 
main current causes an increase in the field magnetism due to the 
series coils, which can be made to just counteract the diminution 
due to the lost volts, at one definite constant speed, thereby 
producing constant voltage at tho terminals of the machine. 

There are two possible methods of connecting tho shunt coils 
to the machine, and which are shown in Fig. 63 symbolically, 
where I. represents what is called “ Long Shunt,” and II. that 
termed “ Sh ort Shunt” T X T 2 are in each case the terminals of 
the dynamo, and as seen in the first caso the shunt (sh) is across 
the extreme ends of armature and series coils (se), i. e . across TfT 2 , 
while in the second case it is across the brushes alone. A careful 
study of the dynamo with each method of connection will show 
which is the most desirable arrangement to use in any particular 
case. This, together with the investigation of the performance, 
etc., while working, can best be obtained by means of the 
Characteristics of the dynamo. 
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Apparatus. -Compound wound dynamo D to bo tested ; switch 
S ; voltmeter V ; ammeter A \ rheostat R (p. 606) ; tachometer. 

Long Siiunt. 

Observations. — (1) Connect up as in Fig. 63 (I.), and adjust 
the instruments to zero if necessary. See that all lubricating 
cups feed slowly and properly. 

(2) Start I) up to its normal speed, and when excited note 
the reading on V. 

(3) With R largo close S, and tako about ten different values 
of current A rising by about = increments from 0 to the 


sh sh 



I R 

Fio.63. 

maximum allowable. Note tho voltage V ut each, the speed 
being constant at the above normal value. 

(4) Repeat 2 and 3 for a similar descending sot of ob- 
servations. 

(5) Repeat 2-4 for speeds 20% above and 50% under 
normal respectively for constant excitation in each case in the 
shunt coils. 

(G) Measure by means of a Wheatstone Bridge the resistance 
r,* of the shunt, and by tho “ Potential Difference ” method 
(p. 84) that of tho armature r a and series coils r u . 

(7) Disconnect either coil in turn and repeat tho above 
obs. 2-6 with the remaining coil, and so obtain the external 
Characteristic of tho dynamo for each winding separately. 

• M 
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Note. — In doing this with sh connected alone, obtain the same 
initial volfcago V as when running compound. 

Tabulate all your results as follows — 

Name . . . Daie 


Compound Dyit .no leak'd : No. . . . Typo . . , Make: 

Normal Volts= . . . Amps.= . , . Speed =» . . . KcsisUnccs ra~ ... r« - . . 


Winding 

used. 

Spi*ed 

Ik vs. 
pui mm. 

As< ending. 

Descending. 

Uesi stance of 
External Circun 

— 1111 ^olm.H. 
mean A 

Terminal 
Volts (KX 

Amps. (A) 

Tei initial 
Volts (Q. 

Amp*. (A). 

1 







(8) Plot tho external Characteristics for each speed, and both 
ascending and descending observations, having \oltages V as 
ordinates and currents A as abscissa*. 

(9) From these deduce graphically, as described below, the 
total Characteristics, drawing them on tho same sheet of paper. 
(For notation, see p. 3.) 

(10) Plot the H.P. curves to the same axes also. 

(11) Plot the external resistance Uharacteiistie having values 

of V as ordinates and resistance of the external circuit in ohms 
as abscissa). 

Inferences. — State carefully all that can he inferred from your 
results, and explain the meaning of the various curves. 


Graphical Determination of the Total Char- 
acteristic from the External one, in a 
Compound Wound Dynamo. 

Long Suunt, 

Referring to Fig. Gl, let x be the external Characteristic. 
Tako any point Q in the abscissie representing any external 
current OQ, and set off from Q on the ordinates QJl^OQ 
(r a + r*), whence tan. ROQ (r a + r 8f ). Again, taking any point 
T representing any voltage OT at the shunt terminals, set off 
OT 

from T a line TS = - whence tan. SOQ — r sh . 
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Now take cany point P in x and draw its co-ordinates PC and 
l>n, then the intercept Cd between OT and OS = shunt current 
^t this voltage Pn. As in the ease of the pure shunt machine 
make Pd' = Cd, and draw an ordinate d'a through d' cutting OR 
and OQ in b and a. 

Then making d'V ~ab, we get V to he a point on the total 
Characteristic (;/). Repeating this process for several points, such 
as P along (a:), wo finally get the curve y showing the relation 
between total armature current J a , which = A + A s , and total E.M.F. 
E f which = V -bA a (r a -\-i\ S( ), where in Nig. (M On — A, na — A t — cd, 
Oa — On + na — A +A, 
ab ■= Oa (r a + r St ) =--A a (r a + r Se ). 



(63) Determination of the External Charac- 
teristic of a Compound Wound Dynamo. 

Shout Shunt. 

As the mode of procedure is precisely tho same as in the case 
of the corresponding long shunt test, this latter will not be 
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repeated here, and must be referred to both for apparatus, which 
is the same in both cases, and for the diagram of connections which 
is shown in Fig. G3 (1L). 

Graphical. Determination of the Total Char- 
acteristic from the Internal one in a 
Compound Wound Dynamo. 

Shout Shunt. 

Referring to Fig. G5, let x be the external Characteristic. As 



Fig. 65. 

in tho last case take any current OQ and sot off QJf=0Q xr & 
and QR = 0Qx r a and join OR, OW. 

Obtain OS as before, and lot P = any point on the curve (a:). 
From P draw Pc' = GII , and from c draw cd' = cd ; lastly, make 
db'-ab and b ' is a point on the total Characteristic ?/, thus y 
is easily obtained. By reference to Fig. 65 it will be seen that the 
total E.M.F. E= V+A a r a i-Ar^, while the total current in the 
armature A a - A + A Se , or in this Fig. — 

ah' = PG + GII+ ab = 7+ Ar St + A a r a 
and Oa=*OG + Ga ^A+Ag^, 
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(64) Determination of the Separate Field 
Magnet Windings for Truly Compound- 
. . ing a Dynamo. 

Introduction. — This is a practical method of experimentally 
determining the number of amp.-turns of excitation to be 
supplied by both the series and the shunt coils in a compound 
machine without having to calculate them in the ordinary way 
from data pertaining to the mngnotic circuit. The method forms 
an exceedingly instructive one for use in a laboratory, in illus- 
i rating theoretical principles, but it is essentially a works 
' method, and has the advantages that the amp.-turns are 
determined under full load working conditions, i.e. when tho 
armature is exerting its maximum demagnetizing influence on 
the field, and furthermore that since tho whole machino is already 
constructed oxcopt for those coils, any errors in tho lengths and 
sections of tho various parts of the magnetic circuit and in their 
estimated permeabilities are nullified. 

Tho conditions for automatic self-regulation by compound 
winding are, firstly, that with the external circuit open, i. o. no 
current through tho series coils, tho shunt winding must alone 
produce, at tho given speed, tho full specified voltage of the 
machine. Secondly, that on full load the series or winding must 


supply such an extra amount of magnetization, duo to the full- 


load current in its coils, as will main- 
tain the same specified voltago of tho 
dynamo. There aro obviously two 
modes of procedure differing slightly 
from one another and depending on 
circumstancos at hand, namely, (1) to 
compound a machine given its carcase 
ready built up and the armature ready 
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wound; (2) to compound a shunt 
machine by finding the necessary scries 
turns to be added. Consider tho former 
conditions first. 

Apparatus. — In addition to the 
machino in question — a voltmeter V; 
switches S and ; ammeters A and 
a ; rheostats It (p. C06) and r (p. 599) ; 
source of* E.M.F. (B) for excitation, 
either battery or other dynamo, etc. 



Fig. 66. 
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Determinations.— (1) Take a mitahh field frame of the type 
of machine specified, i.e. one that previous experience shows to 
be of sufficient size for the work, also a [table ready-WQund 
armature, wound with a suitable number of turns of a gauge 
sufficient to take the specified full-load current of the machine 
at an orthodox current density in the coils. 

(2) Wind the field magnet limbs uniformly with a few tem- 
porary turns F (known) of thick wire or lead, and connect up 
as in Fig. 60, adjusting the instruments to zero. 

(3) Run the armature at the specified speed (n) revolutions 
per minute, and with S open closo S v adjusting the exciting 
current (a) by means of r until V reads the specified voltage. 
Then aF « nmp.-turns to be supplied by tho shunt coils alone. 

(4) Now closo S, and obtain tho full-load current A, of 
specification, at tho same speed (n) above ; again adjust r so that 
V again reads the same specified voltage as beforo. If rtj now 
= the exciting current, then a L F = amp.-turns to be supplied 
by (scries + shunt) together; hence (a l - a)F - amp.-turns to 
be supplied by series coils alone at that voltago V and speed (vt) 

. , . (« - (i)F 

or number of senes turns — . 

Such a gauge of wire is then chosen for the shunt coils, that 
with a shunt current of, say, 2% of A (tho main one) tho shunt 
V V 

resistance == ,y-^ = 50-^- ohms and tho amp.-turns = aF. 

100 

If wo are dealing with case 2, in which it is dosirod to convert 
a shunt machine into a compound one, it should be remembered 
that such an alteration is only possible when the field magnets 
are not magnetically saturated. 

The mode of procedure is then practically the same as before, 
and is as follows — 

Disconnect the shunt and separately excite it, so as to reproduce 
the same terminal voltage (at full load) as the shunt (by itself) 
gave with the armature on open circuit. 

If then the total number of shunt coil turns = T and the 
shunt current rose from the original value (a) to tho now value 
(etj) in order to keep up the same voltago at full load as on open 
circuit, then (a x - a) T= amp.-turns to be supplied by series coils; 
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and if the full-load armature current is A , then number of series 
turns = , tlio speed being constant all the timo. 

It will be obvious that the method serves to determine the 
windings necessary to over compound , the exciting current at full 
load being raised until the excess over the normal voltage = the 
drop of volts in the mains at that current, 


(65) Determination of the Speed and E.M.F. 
at which a Dynamo truly Compounds. 

Introduction. — Tlio present test of course relates to a com- 
pound wound dynamo which is alieady built and finished. It 
4ias been previously mentioned that a given machine can only 
compound truly and exactly to give constant voltage for wide 
variations of external current, at one particular definite speed. 
This is owing to the different alterations which a definito variation 
of speed produces on tlio series and shunt Characteristics of the 
machine. Thus, if after a machine is built and completely finished 
it is found that the compounding is not quite correct at the speed 
used in tlio calculations, which could easily be tlio case, then 
the speed would form a means of final adjustment and the modo 
of proccduro would he as follows — 

(a) With the machine connected so as to self-excito in the 
usual way, placo an exlornal circuit consisting of an ammeter 
A, rheostat A’, and switch IS in series with the machino terminals 
and a voltmeter V across them. 

(b) Run tlio dynamo at the speed employed in tlio design, and 
tako first the opou-circuit volts V and then that at some 4 or 5 
loads between 0 and the maximum. 

(c) If on plotting these observations the Characteristic thus 
formed droops, the series coils are too weak in their effect and 
the speed should be raised a little, another set of readings being 
taken. 

In this way a speed will be found by trial such that the curve 
is a horizontal straight lino or nearly straight between 0 and 
full load. Tho speed and volts at the terminals now are the 
values required for exact compounding. 
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(66) Variation of the E.M.F. of an Alternator 
with Speed at Constant Excitation. 

Introduction. — Tho present test is an important one, as 
showing not merely tho effect of alteration of spoeil on the 
E.M.F. developed by an altornator for constant oxciting 
current, but also whether the demagnetizing effect of tho 
armature on the field, duo to eddy currents generated in it, is 
producing a porceptiblo offeet, and if so the speed at which this 
effect begins to assert itself most forcibly. The eddy current 
loss varies as tho squaro of the speed for constant magnetic 
field, so that tho results of the test will give a measure of 
tho adequacy of the lamination of tho iron parts of the t 
much i no. 
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Apparatus.— Alternator D to be tested ; alternating curront 
voltmeter V ; speed indicator and means of driving D at any 
suitable speed. For the exciting circuit, in addition to the 
field coils F of the alternator— a variable rheostat R (p. 599) j 
switch S\ ammeter A ; exciting E.M.F. e consisting either of the 
requisite E.M.F. from a secondary battery or auxiliary direct 
current supply, etc. 

N.B. — Since in this tost the speed is variable, and con- 
sequently also the periodicity of the current, the voltmeter V 
should bo either a “ hot wire "or “ electrostatic ” instrument, 
these being the only two types of motors which are unaffected 
by the variation of periodicity. 
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Observation. — (1) Connect up ns in Fig. G7, and adjust tho 
pointers of the instiumonts to zero. See that all lubricating 
pups in use food proporly and slowly, and then start tho 
alternator. 

(2) Close S, and adjust tho exciting current on A to the 
normal for the machine by altoring /»*, and keep it constant ; then 
adjust the speed so as to obtain tho lowest readable voltage on V; 
note simultaneously tho speed and voltago V. 

(3) Repeat 2 for about ten different speeds, rising by about 
equal increments from tho above value to tho highest allowable 

• (a) at tho samo constant normal cxcitatidn, ( h ) at a constant 
valuo 50% less. 

(4) Repeat 2 and 3 for the samo constant exciting currents 
with constant full load armature current in each case respecthely, 
find tabulate your results as follows— 


Namk . . . 

Alternator tested : No ... 
SmiiiHl Full-Loud Volts s* . . 
Nuiinal Exciting Cuurnt«- . 

Typo . . . 

Ampi-ipsa . , , 

Datr . . . 

Maker . . , 

Speed =3 . . . 

| Hpeed 

Voltage (toimmal) 

Exciting Current 

| llovs. poi nun. 

V 

A Amps, 





(5) Plot curves having EM.F. (i.e. terminal voltage) as 
ordinates and speed as abscissa.' for each excitation both on no- 
load and full-load to tho samo pair of axes. 

Inferences. — Carefully state all that can he inferred from the 
results of tho above test, and point out their bearing on the 
design of alternators. 


(67) Variation of the E.M.F. of an Alternator 
with Excitation at Constant Speed 
(Magnetization or Open-Circuit Charac- 
teristic). 

Introduction. — This tost is an important one, in that it shows 
the degroo of approximate magnetic saturation of the field 
magnets at any excitation, and in conjunction with the short- 



170 ELECTRICAL ENGINEERING TESTING 

circuit characteristic will give a predetermination of the regu- 
lation of an alternator for terminal E.M.F., on load. If the 
magnetisation of its field magnets is carried too close to , tho 
point of saturation, then manifestly it will requiro large 
variations of exciting current to produce comparatively small 
variation in tho E.M.F. of tho machine. This, it neod hardly 
bo pointed out, is undesirable, and would cause a most 
insensitive form of regulation. Again, it will bo apparent that, 
if no demagnetizing action of the armaturo on the field is going 
on, the exciting (i. e. magnetizing) current will represent tho 
magnetizing force afld form a measure of it. This in turn will 
create a certain magnetic field and magnetization, and in this 
field the armaturo rotates, or as in the inductor form of alternator 
this field is made to chango from zero to full and back to zero, 
and in so doing cuts the stationary armature conductors. But 
the E.M.F. generated is cc rate of change of this field, and at 
constant speed to the field strength itself. Hence tho E.M.F. is 
a inoasure of the magnetic field or induction excited, providing 
there is no armature reaction. Thus tho present test will give 
us approximately the curve of magnetization of tho alternator 
field magnets, but it must be carefully remembered that this is 
only approximate and provided there is no armaturo reaction on 
tho field due to eddy currents in the armature, which should not 
occur when the machine is running on no load. 

Apparatus. — Precisely the samo as that used in the preceding 
test. 

Observation. — (1) Connect up exactly as indicated in Fig. 67, 
and adjust tho instruments to zero. Sco that all lubricating 
cups feed properly and slowly, and then start the alternator. 

(2) Adjust the speed of the alternator to tho normal value for 
that machine, and keep it constant. Close S and adjust the 
exciting current (by varying li) } so as to obtain the lowest 
readable voltago on V. Note this simultaneously witli the 
exciting current and speed. 

(3) Repeat 2 for about ten different exciting currents, rising 
from the preceding amount to the maximum allowable, the speed 
being constant at tho above value throughout. 

(4) Take a similar descending sot of observations as in 3. 
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(5) Repeat 2 and 3 for (constant) speeds 50% below, and if 
possible 20% above normal , and tabulate your results as 
* follows - 

Namh . . Datr . . . 

Alternator Wul. No ... Tipo . . . ' Maker... 

Normal Voltage . C’mrcnt . . . Speed . . . 

Normal Kxcitmg Cuiirnt =» . . . 


Speed 

Jlr\s. per min. 

Exerting Cum ul 

A Amps. 

Ascending Descending 1 

Terminal Vullngu V. 

Ascending Descending 


" 

1 


(6) Plot curves for each speed to the same axes having volts 
«as ord i mites and exciting currents as abscissro, both for 
ascending and descending readings. 

Inferences.- -State very clearly all that can bo inferred from 
your results, and point out their bearing on the design of 
alternators. 


(68) Magnetization Curve of an Alternator 
on Full Load— Non-Inductive and In- 
ductive. 

Introduction. — While the “no-load magnetization” curve or 
“open circuit” Characteristic of both an alternator and D.C. 
dynamo take the same general form, the curve which, as wo have 
seen, relates terminal voltage of armature with excitation current 
is different on full load, and in the case of an alternator depends 
on the nature of the external load, i. e. whether inductive or non- 
inductive. This difference is duo to the loss of terminal voltage 
on load caused by tho ohmic resistance , reactance , and reaction 
of the armature wlion delivering current ; though only resistance 
causes loss of power. Armature reaction is responsible for dis- 
torting and either strengthening or weakening tho main magnetic 
field in the air gap, and is due to armature current and depends 
on the power factor of tho external circuit, while armature 
reactance, duo to the self-induction of tho armature conductors, 
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causes the current to lag behind the induced voltage, though in 
phase with the terminal voltage, and is unaffected by tho power 
factor of the external circuit. Tho magnetization curve on .full, 
load, when compared with that on no load, -affords valuable 
information needed for tho design of a field regulator for the 
alternator u o give any particular degree of sensitiveness. 

Apparatus. — Precisely that given for Test No. 70. 

Observations. — (1) Connect up as in Fig. 69, levelling and 
adjusting such instruments as need it to zero. Nee that the 
lubricating arrangements are working properly on starting up 
the motor alternator, which should bo tho same as that used in 
obtaining tho “open circuit” Characteristic of Test No. 67. 

(2) With a variable non-inductive resistance li connected for 
absorbing the output, and with R and r full in, adjust tho speed 
of tho alternator to its normal value and maintain this constant? 
throughout by field regulation on the driving motor. Now 
close and S and reduce R until the alternator gives full-load 
current on A, then note the readings of V, A, and (a) at constant 
normal speed for this and a series of exciting currents {a) 
decreasing by about equal amounts to tho lowest possible, the 
armature current A being kept constant by reducing 11. 

(3) With a variable inductive resistance for It — composed 
either of an adjustable choking coil in series or parallel with 
adjustable non-inductive resistance, or of a synchronous motor, 
the excitation and loading of which can be varied ( vide p. 305), 
and the addition of a wattmeter for measuring the power absorbed 
in It, Fig. C9. Repeat obs. 2 for constant power factors cos </> 
of, say, 0 - 9, 0 - 8, etc., loading and lagging if possible, and tabulate 
all your results as follows— 


Alternator teslod : 

No. - . . 


Type . 


Maker 

. ■ 

Fall load : Volta - 


Amin.. ^ . . 

* 

Speed =» . , . 

Nature of load 

Ind. or Kon-Ind. 

Speed. 

Armature 

Amps. 

A. 

Editing 

Amps. 

u. 

Volta 

V. 

W.ilts 

W. 

Power V'.' A or 
. w 
cos <p =*■ . 

AV 


1 





\ 


(4) Plot (from obs. 2 and 3) curves of full-load magnetization 
to tho same axes, having volts V as ordinates with exciting 
currents (a) as abscissae. 
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(5) For comparison replot the “no-load” magnetization curve 
obtained in Test No. G7 for the samo alternator on the above 
tfurve sheet. 

Inferences. — What can you deduce from the results of the 
above test, and how can the range of field regulating resistance 
be obtained for maintaining constant voltage between 0 and full 
load on any particular power factor of circuit? What excitation 
is necessary to send full-load short-circuit current through the 
armature at normal speed ? 


(69) Determination of the Short-Circuit 
Characteristic of an Alternator. 

Introduction. — This characteristic, which is really tho magnet- 
ization curve of the alternator on short circuit, differs from that 
obtained in Experiment 70, in that in conjunction with the 
“open” circuit characteristic of the machine, p. 1G9, it forms a 
means of predetermining the “ voltago drop,” i.c. tho regulation 
of any alternator at different external loads and power factors. 
Iu this way laige alternators may he tested while giving full- 
load current although requiring very little power to drive them. 

Apparatus. — Precisely that detailed for Experiment 70, tho 
resistance Ii being capable of variation and of being short 
circuited. 

Observations. — (1) Connect up precisely as in Fig. 69, and 
adjust tho pointers of such instruments as requiro it, to zero. 
Seo that all lubricators in use feod slowly and properly. 

(2) Start the alternator up to normal speed and close S } noting 
the readings of V and A (if any) with R cut out to short circuit. 

(3) With (r) full in, close («), and adjust tho exciting current 
(a) (by varying r) to some small value that will cause A to read 
about ^tli of tho full load current of the alternator. Now read 
all the instruments. Next open S and again take readings, the 
speed being kept constant at the normal value throughout. 

(4) Close S again, and increase A by about another -j^tli, by 
suitably increasing the exciting current (a). Thou note tho 
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readings of all tlio instruments. Next open S and again tako 
readings, the speed being constant at normal value throughout. 

(5) Repeat (1) for a scries of values of .1 up to 20% above c full 
load value. 

(G) To determine the effect of speed variation on the short- 
circuit current, run the alternator up to max. safe speed and 
raise its excitation until full load, or 20% over full load, current 
is obtained. Note this current, the speed, excitation and 
voltage and also for some ten different speeds, decreasing by 
about equal amounts to the lowest convenient at constant 
excitation , and tabulate in the following manner. 

Note. — To avoid the risk of damaging the armature of the 
machine, especially if a large one, the series resistance It should 
all be cut into circuit before closing and again before opening S t 
and should be cut out to short circuit just before taking instrument 
readings. 


Alternator: No. . . . Type . . . Maker . . . 

Full Load Output Am pi. . . Volts. . k vs. per mm. 

» ,, Excitation . Amps. Fi equoney r ^ per boo. 


Resistance (w aim) ol Aiiiatnie + Ammctci and Ewids /<= . . . ohms. 
Percentage Allow ance K (if any) = . . . 

Total Equivalent Resistance Rt = (R + Kli)- . . . olims. 


Si i cod 
(con- 
stant). 

Terminal ArinaUn o Volts. 

Slioit 

Cm mt 
Arm.ituio 
Current 

A. 

Exciting 

Cune.nt 

0. 

Effective 
Volts for 
Ohmic 
Resist. 
AIIt 

Idle or 
Inductile 
Volt ago Drop 
v'^-Tauj)* 
~ lit. 

Short 

Circuit 

Ha. 

Open 

Ci i cuit 

H. 







1 


(7) Plot the “ short-ciicuit characteristic ” having valuer of (d) 
as ordinates and (a) as abscissa?, and also the curve having A as 
ordinates with speed as abscissa). 

Inferences.' — IStatu all that can be deduced from the results of 
the test. 

Determination of the “ Voltage Drop ” of an 
Alternator for any given load and circuit 
Power Factor. 

Prom the results of the above test rnd with the aid of a simplo 
graphical construction, it is easy to find approximately the voltage 
drop corresponding to any load current and power factor. Thus — 
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From any point 0 in any straight lino -IT set off ON, to a ion- 
venient scale, to represent any desired “open circuit" voltage of 
the alternator and at such an angle 0 to the current line AT, that 
the power factor (cos. 0 ) of tho circuit has the desired value for 
the particular load current ( = short circuit current A) assumed. 



With centre 0 and radius OE draw the semi-circle E x YE 4 . Next 
set off along AM, the lino 00 — Ally the armature drop and 
allowance (K) for eddy current loss, corresponding to the same 
main current A. 

Note. — In small, slow speed machines, the power lost duo to 
eddy currents in armature core and pole pieces is small, and tho 
effect of this on the voltage drop is also small compared with tho 
term AR and can bo neglected. When, however, the effect is too 
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.large to neglect os in largo machines the torm NR can be increased 
by a certain percentage (A'') depending on the form of alternator 
and the speed, (as dictated by experience with this type o f 
machine or by experiment) to allow for the- eddy current effect. 
Since the term AR T is small compared with K, the error intro- 
duced in the value of the inductive drop E 1} through estimating 
the percentage increase of A R wrongly, is very small. 

From C draw CB perpendicular to XY and = the short-circuit 
inductivo or idle voltage drop E t duo to the self-induction of the 
armature and loss of voltage due to armaturo reaction. Join OB 
which therefore =* the open circuit voltage E , which is necessary 
to overcome tho self-induction and resistance of the armature and 
leads, for tho short-circuit current A assumed. 00 B is therefore 
the right-angled triangle of KM.F.’s on short circuit and tho angle 
COB = the angle of lag between current and voltngo on short 
circuit. Now with centre B and radius OE draw the semi circle 
7 X VV r Tlion OV = terminal voltage of the machine and VE the 
voltage drop for the main circuit current A and circuit power 
factor cos. 0. OV and VE can similarly at onco bo found for any 
other valuo of power factor with the same main current A from 
the same diagram. A new diagram must, however, ho con- 
structed in a similar manner for a different current A in order 
to obtain the terminal volts such as OF and drop such as VE for 
this new current. Some interesting cases are now obvious, 
namely — 

For main current fogging behind the voltage , i. o. self-induction 
predominating in the main ciicuit. 

(1) For main circuit power factors corresponding to an angle 6^ 
«=COB, when OE takes the position 0A T lf in lino with BO, tho 
terminal voltage 0V 1 — minimum and tho inductivo drop 
7^ = maximum. 

(2) For a non inductive main circuit, 6=0 and the terminal 
voltage OY is in phase, and coincides in sense, witli the main 
current, but will differ from the resultant voltage OB by a little 
more tlian 90°. 

For main cunent leading in front of voltage , i. e. capacity pre - 
dominating in the main circuit. 

(3) For the negative aDgle 0 2 , terminal voltage OV 2 = open 
circuit voltage 0E 2 and there is no inductive drop. 
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(4) For greater “ leads,” the terminal voltage is greater than 
the open circuit voltage, e.g. for a - vo angle 0 3 the terminal voltago 
and open circuit voltago OE . 5 , maximum values of these 
quantities being reached at 0\\ and 0E X where the maximum 
- ve inductive drop = A 4 F 4 . 


(70) Determination of the External Charac- 
teristic of an Alternating Current 
Generator. 

Introduction.— This test is for the purposo of experimentally 
determining, for different speods and oxcitations, the relation 



between external current and the terminal voltago producing it. 
By means of the Characteristic curve , as it is called, so obtained 
by plotting the observations, it can bo seen at a glance whether 
tho alternator possesses any series defects. Its performance 
wlion running on some particular circuit at some particular 
speed and excitation is also easily discernible therefrom. 

Apparatus. — Alternator D to bo tested ; switch S ; alternating 
ammeter A ; and voltmeter V ; non-inductive resistance if, which 
should preferably consist of cither a bank of glow-lamps (p. 
598), carbon (p. 597) or water rheostat, all of which are non- 
inductive; in circuit with tho exciting coils F — a rheostat r 
(p. 599) ; switch 8 V ammeter (a) ; and source of direct current 
e from secondary cells or otherwise; speed indicator. Watt- 
meter IF (not shown) for measuring the truo watts absorbed 
in It when this is inductive. 

Observations. — (1) Connect up as in Fig. 69, and adjust the 
pointers of all the instruments to zero, if necessary. 

N 
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(2) Start the alternator up, seeing that all lubricating arrange- 
ments in use feed properly. Close adjusting both the speed 
and excitation to the normal for that machine. 

(3) With this excitation and speed constant , take, by varying 
It, a set of readings for about ten different values of external 
current between 0 and the maximum permissible, differing by 
about equal amounts, and note the simultaneous readings of V 
and A. 

(4) Repeat (3) with the same normal excitation, but for constant 
speed 50% below normal. 

(5) Repeat (3) and (1) for a different excitation, say, 50% 
lower than normal, and tabulate all results in the accompanying 
form. 

(G) Measure the resistance of the armature, while warm, by the 
“ Potential Difference ” method (see p. 8 1), or by the ammeter 
voltmeter method, p. 8G. 

N\MR . . . ]) VIE . . . 

Alternator tested : No ... Type . . . Maker . . . Periods poi Revol. K ~ . 

Nuin al Volts . . Amps . . S]e»d . . ji — 2/r X 1 roquenc). 

Ai matin e : Self-induction I . » . . . Ileniy oliinic Resistance Warn r n . . . 


Speed 
Revs, per 
nun. 

Exciting 
Current 
(a) Amps. 




Apl'. 

Walls 

A y l 

Powei 
Fact u 

W 

AV' 

Induction. 

Veils. 

V. 

Amps. 

A. 

Walls 

II'. 

Resistance. 

Ip- 

K.M.F. 
/ l>A. 

i 






1 

I 


(7) Plot the external Char act eristic curves for each speed and 
excitation having terminal volts V as ordinates and current A 
through armature and external circuit as abscissae, in each caso 
(see p. 3 on curve plotting) using the same pair of axes and curve 
sheet. 

(8) Deduce tlio total Characteristic curves of the machine from 
the “ external " ones in 7 above by means of the graphical method 
given below. 

Inferences.— Very carefully state all that you can infer from 
your experimental results, and show in what way the above 
curves indicate the performance of the alternator, and give an 
idea as to the goodness of tho cfticioncy. 
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Graphical Determination of the Total Char- 
acteristic of an Alternator from the 
External Characteristic. 

The total Characteristic of an electrical generator is the curve 
showing the relation between the total E.M.F. in volts generated 
by tho macliino and the total armature current in amperes. 

Analytical Treatment. 

Referring now to the preceding diagram (Fig. G‘J), let L self 
induction of tho armature in henries — 

r a w ohmic resistance of tho armature in ohms. 

R s= ohmic resistance of the external circuit, assumed to be 
non-inductive. 

p - angular velocity of tho alternating current = 27 t». 

n — frequency or periodicity in per sec. 

If then a current A flows in the external circuit at a torminal 
voltage V and E = total E.M.F. of the generator, 

Fj 

then A ->/ JAjr + (R + r a ) 2 but V- A R ; 

hence E-^V L 2 jrA 2 + (R + r a )' 2 A 2 -y/ L)M 2 + {Ar a + l') 2 . 

Consequently wo see that the total E.M.F. in volts generated 
by the alternator is represented by tho hypothonuso of a right- 
angled triangle, of which tho other two sides represent LpA — the 
inductive E.M.F. necessary to overcomo that of self-induction, 
and [Ar a + V) —tlio effective E.M.F. necessary to send tho current 
A through the ohmic resistance (R + r n ). 

If K— number of periods per revolution of the armature, 

n KN . . . . . , KiV 

tlien - q- = (?i)j the frequency in c n per sec. ; wlionco p — 2tt 

whero A- numl)er of revolutions per minute tho armature is 
making. 

Having thus obtained an expression for the total E.M.F, 
of tho machine analytically, wo will now proceed to deduce 
it graphically from our external Characteristic. 
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Graphical Treatment. 

Let xy represent tlio external Characteristic plotted to the 
rectangular axes OT ami OS, of which the former represents 
voltage and tho latter current, respectively; (See Fig. 70.) 

From the point 0 or origin draw tho straight lino OQ such that 
tan. Q0S=r a , and also draw tho straight line OP such that tan. 
P0S=Lp for the particular speed at which xy is taken. 



Fio. 70. 

Take any point N on the external Characteristic xy and 
through it draw an ordinate MNP cutting OP, OQ and OS in iho 
points G, H and B, respectively. 

Set off ND = BII and BC-BG and join DC, which therefore 
— E, Lastly, make BE = CD. 

Then E is a point on the total Characteristic required. If this 
construction is repeated for several more points, such as N on xy, 
we finally obtain a series of points such as E, and on drawing a 
mean curve through them all wo obtain tho required total 
Characteristic xz. In this construction it will be noticed that— 

Z?iF=the terminal voltage (F). 
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BG = BC = the inductive E.M.F. (LpA). 

BII=ND = the effective E.M.F. (Ar a ). 

• ])BC is consequently a right-angled triangle, and 

henco DC =E= y/BC* + Bl)' 2 = f(LpA)* + (Ar m '+V)*. 

Probably a better mode of procedure and one not requiring the 
uso of a protractor in obtaining tlio correct angle at which to set 
off OF and OQ is to first take any point N on xy , obtain the 
ordinate JihVB and set off BG — tho current OB x Ly, also 
BII=OBxr ai then joining these points II and G to 0 we 
get tho required lines 01IQ and OGB respectively, after which 
* proceed as above. 

(71) Determination of the External Charac- 
teristic of an Alternator for different 
circuit Power Factors. 

Introduction. — The circuits which have to be supplied from 
alternators, in ordinary commercial work, are invariably inductive, 
possessing cither solf-induction or capacity or both. As the 
inductiveness of the circuit affects tho terminal voltage of an 
alternator, — self-induction causing tho characteristic to fall and 
capacity causing it to rise, it is important, to bo able to determine 
the characteristic for any power factor of the circuit, whether the 
current lags or leads with respect to the voltage. 

Lagging currents can easily bo obtained with any power factor 
by suitable combinations of self-induction and olirnic resistance, 
as for example by carbon rheostats and continuously variable 
choking coils or dimmers. 

Leading currents can bo obtained by inserting along with, say 
carbon rheostats (1) a number of condensers possessing consider- 
able capacity, (2) a long length of concentric cable, (3) a synchronous 
a.c. motor witli fields excited so that the back E. M.F. of the motor 
exceeds the voltage of the a ternator. This is by far tho most 
convenient method, for any load can easily ho taken from the 
alternator by either braking the motor pulley or making it drive 
a d.c. dynamo at various loads. It can be shown that over-oxcited 
synchronous motors cause a loading current to flow in the circuit 
supplying them, and henco produce tho samo offect as 1 and 2 
above. By adjusting the excitation of such a motor any lead can 
be obtained within limits. 
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Where the only means available for obtaining lagging power 
factors is by varying combinations of self-induction and ohmic 
resistance, or for obtaining leading l\F.s is by varying ‘com- 
binations of capacity and ohmic resistance, it is a very tedious 
process t , try and take a series of readings of output current 
with terminal voltage at constant P.F. This is obvious since it 
entails varying the inductive and non-inductive sections of the 
load circuit so that they always bear the same ratio to one 
another, as only this will keep cos <j> constant in value, since the 

,, „ , ohmic resistance T , . . , 

r.r. or cos 6 = — . . Jn other words, trial eom- 

r impedance 

binations would have to be repeatedly made and the value of 
IF 

- rTr worked out for each, to see if it had the desired value for 
AV 

cos <f). For this reason the following method is better, and is 
applicable to any appliance capable of giving an electrical 
output which has to be absorbed in an inductive circuit. Since 
the output obviously comprises (amps A X volts F), both of 
which arc variable simultaneously between 0 and full load, and 
V 

A = . - . or V = A X impedance, it follows that A will bo 

impedance 1 

constant if V and the impedance vary in the same proportion, 
while V will be constant if A and tho impedance vary in inverse 
proportion. Thus if the inductive portion of the load circuit 
is adjusted to max. value, and the non-inductive portion in series 
or parallel with it (whichever is found most suitable) is varied, 
it is possible to obtain different values of A corresponding to 
different values of cos <f> at constant V, or different values of V 
corresponding to different values of cos <f> at constant A, and a 
curve can be plotted between cos as ordinates and the 
variable as abscissa?. If, now, the inductive portion is nmdo less 
inductive and the non inductive part again varied, a now value 
will be obtained for the constant and a new series of values of 
cos <f> and the variable obtained, which will give a second curve 
with cos <fi as ordinate and the variable as abscissae. 

Repeating the process for some five or six degrees of inductive- 
ness, giving therefore as many values of tho constant and 
corresponding curves between cos <f> and the variable, we can 
utilize these auxiliary curves to obtain the samo number of 
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curves between V and A each at any desired constant power factor 
(cos (f>) within the limits produced by tho range in degree of 
tnductiveness used. As an example — Suppose A is the constant 
and V the variable with cos </>, and that six auxiliary curves, each 
obtained for, and marked with, the corresponding constant, are 
plotted on tho samo sheet. Now to obtain the curve between 
V and A at, say, 0‘9 power factor : note tho six points or 
voltages on the volt scale cut by the ordinates through tho six 
points of intersection between tho single horizontal line through 
the O'!) mark on the cos (j> scale and tho six curves. Then the 
six voltage values so found, plotted against tho six constant 
values of A marked on tho respective curves, will give the 
desired relation between A and V at a constant power factor 
cos </> = 09. 

Similarly, a curve between A and V could be drawn for 
cos <f> = 0*8, 0 7, 0*6, etc. 

Apparatus. — The same as that detailed for Test No. 70, 
except that tho load resistance R must now comprise a variable 
self induction and variablo non-inductive resistance, and that a 
wattmeter W must be inserted so as to givo the true watts 
absorbed in the whole circuit. 

Observations.— (1) Connect up as in Fig. (19 with the slight 
modifications just mentioned. Level and adjust tho pointers of 
any instruments needing it to zero, and see that the lubricating 
arrangements are in operation on starting up the machine. 

(2) With S closed and with both excitation and speed adjusted 
to the normal valuo and maintained constant, vary the pro- 
portions of heavy self-induction and large ohmic resistance 
in the main circuit, so as to obtain some six different volt- 
meter and corresponding wattmeter readings for each of five 
different but constant alternator currents A, differing by about 
equal amounts between 0 and full load, the. samo valuo of main 
current to be obtained for each of the six readings of a set. 

(3) Plot five curves one for each of the five constant values of 
main current, each having tho terminal voltage of tho alternator 
as abscissa) and power factor (obtained by indicator or wattmeter 
and volt-amperes) as ordinatos. Mark on each curve the constant 
main current at which it was obtained. 

(4) ltepeat obs. 2 and 3 so as to obtain a similar set of five 
curves fbr leading currents of the same magnitude as previously 
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used by varying the load on the synchronous motor and its 
excitation, and tabulato as in Test No. 70. 

(5) Plot the external characteristic curves having volts 1 as* 
ordinates and currents as absciss® for power factors differing by 
0*1 at a time between 1*0 and the lowest obtained in the curves 
between voltage and power factor (3) to (4) above, eacli curve in 
(3) and (4) supplying one point only in each of the characteristic 
curves corresponding to the current and voltage, and tho power 
factor for which the particular characteristic is plotted. 

Inferences. — State clearly all that you can deduce from tho 
results of your tests. 


(72) Variation of Exciting Current with the 
Armature Current of an Alternator to 
maintain Constant Terminal Voltage on 
Inductive and non-inductive Loads. 

Introduction. — This test is a direct measurement of the range 
of variation in both the resistance and current of the field 
regulator required to maintain constant terminal voltage for 
any range of load, and which can otherwise be deduced from 
a reference to the external and magnetization characteristics of 
the alternator when available. 

Apparatus.— That detailed for Test No. 70, with tho addition 
of an adjustable inductive resistance for combination with R. 

Observations. — (1) Connect up, as in Fig. G9, with li non- 
inductive only at first and the wattmeter inserted as a check 
on the product A X V. Level and adjust all instruments, which 
require it, to zero, and on starting up the motor alternator see 
that all lubricating arrangements are working properly. 

(2) With the speed and terminal voltage each adjusted to tho 
normal value and kept constant— the former by ogulation at 
the driving source, and the latter by field legulation of the 
alternator — first note tho value of exciting current (a), on open 
main circuit, and then with S closed for each of a scries of 
8 or 10 armature currents, A rising by about equal increments 
to full load by adjusting the non-inductive resistance R t the 
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field regulation of the alternator being adjusted so as to keep V 
constant with the speed constant. 

• (8) 1 17/ A R now induct! cc, and the same valuo of speed and 
voltage as in obs. 2 maintained constant, adjust the inductive 
part to its maximum value and vary the non-inductive part so 
as to maintain the main current A constant at about quarter 
full-load value, the field current being correspondingly varied to 
keep V constant. Note the readings of A, V, IP, and («). 

(I) llepeat (3) for the same speed and voltage, but for 
constant a allies of A of about half, three quarters, or full load, 
and tabulate as in Test No. 70. 

(3) Plot th 3 f rar auxiliary curves (vido p. 182), having power 
/ W\ 

factors, cos. ^ jA as ordinates, with exciting current («) as 

abscissa*, for cacli of the four constant values of A respectively. 

(6) By interpolat ion anti transference, plot the desired relations 
between exciting currents (a) as ordinates, with main currents 
(,1) as abscissa; for non-inductive load (obs. 2), and for inductive 
load (obs. 3 and 'I) at constant power factors of 0 9, 0-8, etc. 

Inferences. — State clearly all that can lx; deduced from a 
study of the shape and relative dispositions of the curves in 
(G) above. 


(73) Determination of the Efficiency of an 
Alternator without running it on load. 

Introduction. — The preceding method, although a direct one 
for obtaining tlio efficiency of any generator by measuring the 
II.P. absorbed in driving it and the output in the usual way, 
requires somo type of transmission dynamometer and has there- 
fore a limited application on account of the difficulty of measuring 
the large H.P.s in the caso of large generators. While small 
alternators can be testod in this way, the method of driving the 
generator by an electromotor (preferably direct coupled) having 
a known efficiency-load curve, is more accurate, and also has 
a much more oxtended application in range of power. The 
power supplied to tho motor x by its efficiency at that load 
“ the power taken to drive tho generator. 
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Both methods arc however costly of application in the case of 
the larger generators and an arrangement similar to Swinburne's 
Test No. 82 would obviously bo preferable in many ways. « r 
Further, if while absorbing (from an outside supply) only a 
small fraet'on.of its rated full-load output, the armature of an 
alternator carries full load current Jit normal excitation, both 
the losses ami temperature rise can bo determined at an 
economical cost of energy consumed in the test. 

From the fundamental principle that, in any transforming 
device 

output = input — total internal loss 

we sco that if the losses can bo obtained in the various portions 
of the alternator, the input and elUoienoy aro at once dcducible 
and that the method is applicable to any sizo of machine, however 

•wf?®- 

Tho total internal loss in an alternator is made up of — 

(a) The total copper loss W c in the armature windings, 
thus — 

If C a - tho cinrent per phase of armature winding 
and r„ - the resistance per phase „ „ „ 

the total copper loss ]V C in the armature of a— single-phase 
alternator = O a ~r a ; of a two-phuso alternator = 2 OJr a ; and of 
a three-phase alternator — W a V w . 

(J) The total power absorbed in excitation W £ . Thus if C £ — 
the exciting current employed at a pressure of V £ volts, then 
IFg = C £t V £ . 

(c) The total power absorbed in mechanical friction IF*,* and 
made up of — windage, bearing friction, brush friction. 

(< d ) Tho total power spent in magnetic friction made up 
of — hysteresis and eddy currents in field and armature core If r IF . 
Then the total internal loss )V L = }V C +11*+ W M£ + W 2F . 

The last two losses, which may bo termed the stray power, may 
be determined experimentally at no load by running the alter- 
nator as a synchronous motor, light and unloaded, and 
measuring the power absorbed by wattmeter. 

Apparatus. — Alternator D to bu tested, capable of being 
driven at no load and normal speed by some outside source of 
power. This might preferably bo its direct-coupled exciter, if 
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thore is one, and provided that, when used as a motor, it is 
powerful enough, or, in tho absence of this, a direct-coupled 
• mdtor M of known efficiency. Tho necessary switches ; a watt- 
meter having a range up to say 5% of the full load of the 
alternator ; an ammeter A ; and a voltmeter V, in tho case of 
single-phase alternators and of two- and three-phase alternators 
with equally-balanced phases. Two of each typo of instrument 
will be needed for two- and three-phase machines out of balance. 

Observations. — (1) Connect up as shown in Fig. 71, adjusting 
such of the instruments as need it and assuming the alter- 
nator I) to bo a three-phase machine for instance, See that all 
lubricators feed properly. 



(2) To run D as a synchronous motor from some a.c. supply 
Q of tho normal voltage V and frequency developed by Z>. First 
start up 1) to its normal speed by means of M and adjust its 
exciting current C E so that its terminal voltago V — that of the 
supply Q. S v S it $ 3 being open, but S 2 shorted by a wiro and 
aSj by two synchronizing lamps (see p. 441) not shown, close this 
three-throw switch at tho instant when the lamps are out and at 
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onco opon S. Tlio alternator D will now continue to run as a 
synchronous motor at normal speed, frequency and voltage. 

(3) With D running as just mentioned, adjust its exciting 
current Cjs by the rheostat 11 so that a minimum' intake current 
A is obtain^ 1 q,nd hence maximum power factor, and note the 
wattmeter readings JI^ and )\ r 2 and all the other instruments 
and speed. 

Then W 1 + ir, - 3il 2 r a - W ur + W lT > 

These losses arc approximately constant for all loads, slightly 
increasing as the load increases duo to change of induction 
through increaso of excitation for voltage regulation, and to 
armature reaction in the normal operation of tlie alternator. 

(1) With the same normal supply frequency as in obs. 2, and 
same excitation as found in obs. (3), increase the supply voltage V 
(by means of the field excitation of the supply Q) so as to 
obtain a series of supply currents A rising by about equal in- 
crements from the value found in obs. (3) to full load, and noto 
the readings of A V and W l ir 2 at each. 

Note.— The synchronous motor I) will run throughout obs. (4) 
at constant normal speed but at a decreasing power factor, as 
was shown in Test No. 106, and since the excitation is constant 
at normal value, the losses {\V C JFi>) measured by 
IKj and W 2 will be the same as for the machine used as an 
alternator when giving the same current loads from its armature. 
The excitation loss is also known, and the total internal loss 
at all loads can therefore at once he found and the efficiency % 
obtained from the relation — 

^ _ output 
output -f- losses’ 

The accuracy of the values of efficiency (S) thus found will 
depend on the degree of accuracy with which the losses, in 
obs. 4, can he measured ; this latter may not he high on account 
of the increasing inaccuracy of wattmeters on the lower power 
factors. 

(5) If necessary, find the rise of temperature of the machino 
after a six hours’ run on full-load or other desired condition. 

Tabulate your results for the preceding test as follows — 
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Alternator; No. . . . Typo . . . Maker . . . 

Full Load : Amps. «... Volts = . . . Speed = . . . Fiaquency => . . . 
» n< *filancffl: Armature p;r pliaso r„ *= . . . Field => . . . 

Wattmeter Constanta A'i = . . . A'j.= . . . 
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Plot the effieioncy-load curve of the machino considered as an 
alternator having values of efficiency 3 as ordinates, and values 
of VUV (calculated for each value of A in the table but at 
normal voltage) as output at P.F. = 1. 

The separation of the losses can he obtained in much the same 
way as that indicated in Test No. 77 for direct current machines 
by the use of the motor M in tho following way— 

(4) With S v S < ,, 1 S 3 and S# both open, run the alternator at its 
normal speed and note the readings (n^) of a and v. If y 1 = 
tho efficiency of M at this speed and load, then y l n l v L = W MF the 
power ahsorhod in mechanical frictions since with tho fields of 
I) unexcited there will bo practically no iron losses. 

(5) Next close S x and adjust 7? so as to givo normal full load 

exciting current. Vary r so as to obtain tho same speed as 
beforo and noto tho readings a 2 i\ 2 of a and v. If y 0 = tho 
efficiency of M at this load, then y./o 2 v 2 ~ + W ir ami henco 

tho iron losses W IF — yM\ 2 ~ Vi a i v i‘ 

Having now obtained tho iron and friction losses the 
efficiency can at once bo deducod for all assumed loads. 

Tabulate your results for Tests 4 and 5 as follows — 


Efficiencies of Motor 3/ at Speed used : (at load = . . . ; (at ]< ad "... 



Alternator nnoxcilid. 

Alternator Exrltod. 

II . 

». r 

o , 






r 3< 

u 

Heading of 

Friction 

Roading of 

Fiiclion + 
turn Losses 

n ** 

-m(A 

< 

Ammeter (m) 

Voltmeter (v) 

Wjuf = 

Ammeter (o) Voltmeter (i>) 

1 f'MF + 

s* 

§ i 


«l- 

*!• 

y^iVx- 

«2. t>a. 

yoft^vo. 
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The determination of the iron losses at any speed by the 
retardation method can be undertaken in alternators having 
sufficient inortia or momentum in their moving portioi), tq 
prevent them slowing down to rest too quickly 'lor readings of 
speed to be taken at intervals. 

(6) With S v Sy JS a and S E both open, run I) at normal speed by- 
means of M. Then at a noted interval of timo, the speed being 
at normal value, open S aud noto the speed by tachometer at, 
say, £ minute intervals as tho alternator I) slows down to rest, 
the motor M being of course unexcitod. The retardation in this 
test is duo to W MV . 

(7) Repeat (G) with } J f and full load exciting currents 
C E by varying It. The more rapid slowing down in this test 
is due to ir^p + ]V 1E . Tabulate your results as follows— 


Value of If'i |- JCo - 3^"r„ (fiom E\p. 3). 


Alternator Unexcited. 

Alternator K veiled 

Values of 

Actual 
mean 
Power in 
Walts 
absoi bud 

Times 
t, «i, l 2 • • 

Speeds 
n, »i, n<i . . 

Exciting 
Cm lent 
C’* . . 

Tunes 
t, t h t-i . . 

Speeds 

Wk 

I 

Averngo 
Speed N= 

» + «i . . 

2 










Plot curves for G aud 7 between speeds as ordinates and timos 
jjr 

as abscissre, and between -- as ordinates and average speeds N 
as abscissae. 

Tho rationale of the retardation method is as follows — 

Let / = the moment of inertia of the rotating system in 
C.G.S. units, or, gramme — cm. 2 about tho axis of rotation, and 
let W bo its angular velocity in radius per sec. Then tho 
kinetic energy of the whole system or energy of rotation 
K e = Jw 2 / ergs = Jpirn) 2 / where (n) = speed in revs, per second. 

lienee the kinetic energy = / x 10 -7 


- 548 10~ 12 « 2 / Joules or Watt seconds, 
whore (?i) is now in revs, per min. 

If now (») = the normal speed of the alternator at tho instant 
t of opening s and ?q, n 2 , n a . . , the successive speeds noted 
at times t v < 2 , f 3 , . . from the instant (<) when slowing down 
commences. 
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Then the energy expended or work done in the first interval 
of time in overcoming resistance is proportional to 

% . 548 x 10-» /(/**- *,*) 

1A1 , . , m 5JS x \0~ 12 J(u 2 -nr) 

and the mean power absorbed JJ x = - - v u ' 

t — U . 


watts 


at an average speed N =» 1 revs, per min. 


W K 


By plotting a curve between values of -j~ for successive 


speeds and intervals as ordinates and tho corresponding average 
speeds N for successive pairs, of speeds as abscissas, wo can get 
the loss at any speed, and that at normal speed by tho i>oint of 
intersection of the curve (produced backwards) with* tho full 
spoed ordinate. 

Note. — Since I is a constant but unknown quantity, the 

ordinates of the curve aro tho values of and tho ordinates 

do not therefore represent actual watts, but = watts -f a con- 
stant (I). 

From Observation 3, however, wo know that this normal 
speed ordinate = W l + TF 2 - 3 A' 2 r„, the total friction and iron 
losses. Tfeiico tho value in actual watts of any other ordinato 
corresponding to any oilier speed is at once found by simple 
proportion. 

From the abovo data compile the following general table. — 


Alternator • No. . . . T\ po . . . Maker . . . 

Full Ia ad : Amps. = . . . Volts V « . . . Speed s» . . . Fioquoncy = . . . 
Resistances: Armature per phase fa - ■ . . Field r$— . . . 


Main Output 
Current 
Assumed C. 

O II 

Losses. 

3c 

5 ; 

3 Q 

gb 

i*s + 
w K 

I 

Exoilatmn 
ClVb= Wjc. 

Arinaiuro 

3 C n ‘ J r„~ Wc. 

Iron nnd 
FilctiftTi 
Wjuf + W/F 
- w. 

Total Wl = 
Wc + Wb H w. 









Plot tho load- efficiency curve having efficiency as ordinato and 
W 0 as abscissa). 
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(74) Efficiency and Internal Loss Test of a 
Pair of Alternators (by the Hopkinson 
Principle). 

Introd',4tion. — The following method is available when two 
similar alternators, as nearly alike in output as possible, aro 
obtainable. It is analogous to tho Hopkinson test of a pair 
of D.C. dynamos, and has the double advantage that all tho 
measurements are electrical ones; and also that whilo both 
alternators run under load conditions, so far as field and arm- 
ature current is concerned, each’ is running at only a fraction 
of its full K.W. capacity, and consequently the power taken 
from the necessary outside supply is small, even in the case 
of the testing of large alternators. The method further lends 
itself most conveniently to the determination of the tempera- 
ture rise of each machine under the same heating conditions as 
would obtain if each was run for, say, six hours at full-load 



output, but with far greater economy in the cost of energy 
consumed from tho outside supply. 

The test can be canied out with the two alternators under one 
or other of two conditions, viz. (1) when they are not mechanically 
coupled togother, or (2) when their shafts are in accurate align- 
ment and rigidly coupled. In each case (a) the alternator to bo 
used as a generator (say D x ) must bo cither belted or (prefer- 
ably) direct coupled to a small direct-current motor M x having 
a known “efficiency load ” curve at the sj>eed to be employed; 
(6) the second alternator J) 2 must be electrically connected to 
D x and run as a synchronous motor from its supply; (c) an 
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additional driving source of power (which might bo another 
D.C. motor M 2 ) will bo needed to run D 2 into synchronism, and 
afterwards to be disconnected if possible. Now, although under 
condition (1) above, the power factor of the circuit between 
I) l and I) 2 will decrease as the circulating current increases, 
any error that might be introduced from this cause, and referred 
to in tost No. 73, p. 188, is eliminated in the present test, as the 
losses are now measurod in the D.C. circuit of M x instead of 
being obtained from the readings of 11^ and Jl r 2 . 

Under condition (2) above, however, in which the shafts of 
D x and D 2 are rigidly coupled, tho P.F. of the circulating 
circuit remains constant for all currents with any particular 
bolting of the half couplings. If this bolting can be, varied, 
then each constant value of tho P.F. can be varied from unity , 
when the half couplings are, bolted so as to make tho E.M.F.s 
of D x and J) differ by 1<S0° in phase (i.e. when in direct op- 
position of phase), to zero , when one half coupling is bolted with 
an angular difference relatively to the other half coupling equal to 
tho angular pitch of the alternator field. Throughout this range 
the alternator with the greater excitation will be acting as 
generator. 

Obviously with the rigid coupling of condition (2), the two 
alternators must not only be similar in output and voltage, but 
must also give the same frequency at the. same speed , whereas 
in condition (1) their frequencies can be different if necessity 
arises. Further, the general applicability of the present method 
is questionable, e.g. in condition (2) the alternator J) 2 must bo 
coupled either (on tho left) up to J) v or (on the right; up to tho 
other end of so that either D x or M x must have a shaft 
extension each end. On the other hand, the test under con- 
dition (1) will need a second driving-motor M 2 , which for the 
highest accuracy should bo capable of disconnection from 1) 2 
after this is synchronized. These facilities may be obtainable 
in certain works, but seldom exist in a college laboratory. 

Apparatus. That depicted in Fig. 72, where are field 
regulators for adjusting the exciting currents in tho fields I\F 2 
of DxD 2 . 

r x r 2 are starters or main circuit adjustable rheostats for tho 
motors i/ v M r 
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L X L 2 arc synchronizing lamps made for voltages equal that 
per phase of the supply. 

E is a D.C. supply, and three-phase alternators are assumed 
for test as presenting slightly greater complication in connection 
and test tl an single or two-phase machines. 

Observations. — (1) Connect up similarly to Fig. 72, but with 
any modifications which tho facilities available in machines 
necessitate. Level and adjust to zero all instruments needing 
it, and on starting up see that all lubricating arrangements feed 
properly. 

(2) With D x running at normal voltago V and frequency, 
synchronize J) 2 by obtaining equal voltages as V.V., and closing 
SSS at the moment when L X L 2 are definitely out. M 2 (if used) 
being disconnected electrically and mechanically, if the latter is 
possible. 

(3) Next adjust ll 2 so as to make A a minimum for constant 
normal values of both V and the frequency. 

Note tho readings of all tho instruments and the speeds of 
D x and I) 2 . 

Then tho output of M v or power required to drive D j 

-= ^-1 = the total internal running losses ( f f r c? -f- Wmf -f ^if) 

(see p. 180) in D x and D 2 together (excluding excitation losses 
in D X I) 2 ), 

Where e — the efficiency of M x at this load and speed (from 
curve), 

= the losses in cither alternator. 

2e 

(4) Now reduce the excitation of I) 2 by the same amount as 
that of J) x is increased, so as to obtain a series of main 
circulating currents A, rising by about equal increments up to 
the full load current of the machines, and note the readings of 
all instruments at each value of current A. Then the increased 

value of = the losses in either alternator at the respective 

current values A } where (e) lias an increasing value at each 
load as taken from the efficiency-load curve of M x . Adding half 
the total excitation loss, viz. \{A X V X + -d 8 k r 2 ), to the above loss, 
we get the total internal loss I Vi (p. 186) corresponding to each 
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of tho current A, and which will bo practically those which 
would exist if either machine was supplying those currents as 
ipi ajternator at the same speed and voltage. Tabulate all your 
results as follows : — 


Alttrnator D \ : No — . , . Tjjio . . , Maker . . . Aimat. Res. f>or phase r u ■= . . . 

Full Load: Amps. =* . . . Volta Fi™ . . . Sliced =» . . . Fioquency . . . 

Field Itos r, — . , . 

Alternator : No. «* . . . Type . . . Maker . . . Arnvit. Res. per phase r„ — . . 

Full load: Amps. = . . . Volts F,— . . . Sieed= . . . Kidd Ron r,= . . . 

Wattmeter Constants ~ . . . 

liming Motoj Jl/j : No — . . . Full Load: Amps = . . Volts. =» . . . Speed --- . . 
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(5) Plot the efficiency-load curve of either machine considered 
as an alternator having values of 5 as ordinates and values of 
load V'JA 1 r 8 as abscissae. 

Inferences. — Clearly state all that can be deduced from the 
results of the test. 

Note.— If the wattmeters ir x and JV 2 (which are not really 
essential to this test., and only useful, if available, for observing 
and comparing certain quantities) are omitted, the eight columns 
in the tabic, necessitated by their use, can also be omitted. 


Determination of the Distribution of 
Potential round the Commutator of a 
Dynamo. 

General Remarks.— On considering the action which occurs 
with a single turn of wire on a coreless armature as it rotates at 
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a uniform rato through ono revolution wo find that, starting from 
a position 0°, which may be termed the zero position, when its 
plane is perpendicular to the direction of the lines of foreo dye tp 
tho fixed field NS (Fig. 73), its E.M.F. is 0, because it is slipping 
through and not cutting these lines. When it gets to 90°, tho rate 
at which it cuts tho lines is a maximum, and this decreases round 
to 180“ again, when the E.M.F. is 0, and after then the effect is 
simply repeated. Tho zoro position nn is tho neutral axis or 
diameter of commutation for no current in tho coil or armature, 
while HR is tho line of lcsultant magnetization at right angles to 



Fm. 73. 


nn. In fact, tho E.M.F. generated in tho coil at any position is 
approximately oc sine of the angle of rotation from nn, and, as 
wo have seen, is zero at 0° and 180°, and a maximum at 90° and 
270°. If the coil he wound on an iron core, carries a current, and 
is made to rotate, it will react on the fixed field NS, causing a 
distortion of this latter, so that n l v l will now be the neutral 
axis or diameter of commutation and 7^/^ the line of resultant 
magnetization. In other words, the resultant field produced by 
that due to the armature and field NS will be forced round 
through an angle ROR 1 in the direction of motion, and will cause 
tho brushes to advance through an equal angle non x to tho 
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position WjWj, which angle is called the “ anyle of Lead ” of the 
brushes. 

% lf*now, the circular path of tho coil, which we will assume for 
the moment not wound on an iron core, is developed out into 
a straight lino AC, and the sino of tho angular .position from 
0 (i.e. A), Fig. 74 I., plotted on the ordinates at each such 
position, tho ciuve APJIQC will bo obtained, showing the 
variation of E M.F. with angular position in one revolution. 
Thus it and C correspond to 0° or position nn (Fig. 73) when the 


P 



p 



E.M.F. is nought, while PJ) and QE correspond to 90° and 270°, 
or position HR when E.M.F. = maximum. This curve is called a 
sine curve, and it possesses tho uniform shape shown in Fig. 74 1. 

Now in an ordinary iron core armature the E.M.F. of each 
coil fluctuates in a manner similar to that shown in Fig. 74 I. iu a 
bipolar machino, and to that shown in Fig. 74 II. in a multipolar 
machine, bnt the commutator commutes such E.M.F.s so as to 
develop an E.M.F. at the brushes perfectly continuous in direction. 

Considering the armature as a whole, the line nn or n { n v i. e. 
the brushes of the machine divide the ai mature coils into two 
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halves, which are in parallel with one another, now each half 
consists of separato coils in series with one another, each giving a 
certain but different E.M.F. depending on their position relatively 
to 0° or nn. These E.M.F.s being in series are added together in 
each half "i)d tho two summational E.M.F.s put in parallel. 
Thus the E.M.F. between the brushes = sum of E.M.F.S round 
one half of armature between those brushes. Consequently, as 
we proceed from, say, the negative main brush, the E.M.F. (if we 
could sample it) round either half increases up to tho other main 
brush, first slowly, then rapidly, and finally slowly again when 
nearing the maximum point. 

From the preceding remarks it will be evident that two 
investigations can he made on the E.M.F. of armaturo coils — (a) 
that of any one coil in different positions of a revolution ; (A) the 
way in which the E.M.F. varies as wo proceed from ono brush 
right round the armature. 

There are many methods of performing theso investigations, 
and amongst tlioso most easy of application in practice may bo < 
mentioned Prof. S. P. Thompson’s, Mr. Mordcy’s, and Mr. Swin- 
burne’s, and these wo will now consider in detail. 

In Thompson’s method of operating investigation (a) above, the 
E.M.F. of a singlo section on the 
armature can be sampled at different 
points in the revolution. The ar- 
rangement consists of two flat motal 
strips or brushes bfi, 2 (Fig. 75) fixed 
to a piece of wood at a distance apart 
equal to tho width between two con- 
secutive commutator bars. A volt- 
meter is connected across b x b^ which 
therefore measures the E.M.F. of a 
single section of the armature wind- 
ing which is passing through the 
particular position of tho field, cor- 
responding to the position of the contacts. It is preferable 
that the compound brush b x b 2 should be mounted on a brush ' 
rocker capable of swivelling round the shaft over a degree divided 
scale, bo that angular distances from some starting-point may be 
accurately obtained. * 
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The method has the advantage that only a comparatively short 
range accurate reading voltmeter is needed, say, to about ten 
vvolts or so in the case of a 100- volt machine. The main brushes 
R l B 2 must bo arranged to allow bj), to pass them on the 
commutator. 

The readings of the voltmeter will be different according to 
whether the machine is giving no current at all or its full-load 
current. If the machine is shunt wound it may in the former 
case bo self-exciting, as the shunt current will be so small 
compared with the load current as to not affect the distribution 
round the commutator. 

If now the readings on V are plotted on the ordinates of a 
curve with the corresponding angular positions right round the 
commutator on tho abscissa?, the curve will uot only show the 
variation of E.M.F. of tho coil, but will show also tho distribution 
of the magnetic field in tho air gaps, tho bost position for the 
brushes and the “ angle of Lead ” which must be given to these 
when running on full load due to the shifting round of the 
resultant magnetic field HR (Fig. 73) to R L h\. 


(75) Determination of the Distribution of 
Potential round the Commutator of a 
Dynamo. (Mordey’s Method.) 

Introduction. — Tho following is. a convenient and simple 
method of finding the above-named distribution, and consists in 
measuring the potential between ono of the main brushes and a 
single movable or Pilot brush capable of swivelling right round 
the commutator. It is then found that the potential increases 
or decreases from that main brush (according to whether it is the 
negative or positive ono) round each half of tho armature to the 
other brush, and that the variation is regular in a well-designed, 
but irregular in a badly-designed machine. 

To represent the resulting variation or distribution graphically 
Prof. S. P. Thompson proposes drawing a circle QUO (Figs. 76 
and 77) to represent tho commutator and divide it into, say, 36 
equal parts of 10° each, set off radially outwards from the circle, 
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lines oc potentials at the various angular positions of the pilot 
brush, thus getting the outer or potential curve OAI). 


p 



Next obtain the developed diagrams to the right of Figs. 7G and 
77 by laying off a horizontal baso to represent the length of 
the circumference of the circle OBC, then at tho proper points 
along this angular lino set up the radial lines from the left-hand 
Figure, due regard being paid to sign. 

Fig. 7G is the result obtained with a well-arranged dynamo, 
and Fig. 77 with a badly-ai ranged one. 

i 



These curves show us several points, as, for example, tho steep- 
ness of tho curves in tho right-hand diagrams enable an idea of 
the relative activity or idleness of the coils in these positions to 
bo obtained, also the position of the biushes to giro the best 
result and the distribution of field in the air gaps. 
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Fig. 77 may result from a machine in which the polo pieces are 
badly shaped, or the brushes badly placed. 

% Apparatus. — Dynamo to bo tested, fitted with a third brush or 
pilot brush P capable of swivelling round the whole circle 
divided into degrees, and of making contact on the commutator 
at any position \ a rather long range accurate reading voltmeter V, 
and arrangements for taking a load from the machine when 
required. 

Observations. — (1) Calling tho two main brushes R x and li 1 
and the pilot brush ]\ connect V between tho negativo main 
brush and P, the dynamo being shunt wound and excited off its 
main brushes Ji L I» r 

(2) Run tho machine on open external circuit at normal speed, 
and adjust P in line with tho negative brush, which latter has 
been previously adjusted to give no sparking. 

(3) Note tho reading on V and tho degree scale of P f and 
repeat every 10° right round tho commutator at constant .ymd 

(4) Repeat 2 and 3 for a full-load current taken from ]i { />* 2 , 
adjusting tho speod (constant) to give the same voltage as 
hefoi e. 

(5) Repeat obs. 1-4 with the same machine run as a motor. 

(G) Tabulate your results in a convenient form, and plot a pair 

of curves for each test in the way indicated above. 

Inferences. — State very clearly what you can deduce from 
your curves of distribution, and indicate in the developed diagram 
the positions of the poles, brushes, and resultant magnetic field of 
the machine. 

(76) Determination of the Distribution of 
Potential round the Commutator of a 
Dynamo. (Mordey-Swinburne’sMethod.) 

This is a neat modification of the preceding method, and con- 
sists in connecting a high resistance wire across the main 
brushes BJi, 2 , and finding by means of a sensitive detecting 
galvanometer G a position C along the resistance FjF g such that 
G does not deflect. The point C is then at the same potential as 
P \ hence sinco *V } V 2 is fixed, the distance V-fi or \\C gives 
the relative potentials for various positions of 1\ The potentio- 
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meter FjCT 2 can be easily calibrated by taking one single 


reading of the volts (I r ) across B 



B v whence the distances V x C t for 
VC 

instance, in volts = - JL. of V 
' V2 

whore V Y C and V±V 2 are in 
ohms, say, or some known 
units. 

The speed must be constant 
throughout the test, so as to 
maintain V constant. Being 
a zero method it is very ac- 
curate, and has the advantage 
of not requiring a voltmeter 
which has to be equally accur- 
ate over its whole range, but 
only at one point. 


(77) Analysis of the Total Internal Loss of 
Power in Direct Current Dynamos and 
Motors. 


Introduction. — In test No. 82, p. 220, it is pointed out that the 
total internal loss of power in a direct current dynamo or motor 
is made up as follows — 

(i) Copper Loss occurring in the armature and field coils, caused 
by heating due to the passage of the current. 

This is at once easily calculable from the relations there given 
for finding the copper loss in either series, shunt or compound 
machines, when the resistances of the several coils, and the 
respective currents which each carries, is known. The loss in 
each circuit varies as the squaro of the curront. 

(ii) Mechanical Friction due to air churning or resistance, 
brush and bearing friction, each of which varies as the speed 
simply. 

(iii) Eddy Current or Foucault Current loss occurring in the 
armature core, and also in the armature conductors, and varying 
as the squaro of the speed for the same excitation, since the 
eddy currents will be directly oc speed at constant excitation 
while the watts used in producing them will vary as the square 
of these currents, or if Wg = Watts wasted in eddjr currents 
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and n — speed in revs, per min., then loss from this cause is 
]V E oc n z K E , where K E is a coefficient depending on the eddy 
• loss. 

(iv) Magnetic Hysteresis in tho core duo to reversals of mag- 
netization in it as it rotates and oc to its speed If IF# = the 
loss from this cause and Kg its co efficient, then IF// cc nK B ; 
h:nco tho total iron loss IF/ = IF// + IF# = nK B + n 2 Kg. 

This equation has been made use of in several methods for 
separating theso losses. Thus in Mr. Mordey’s method, which is 
applicable to determining tho losses in an unwound armature 
core as well as a wound one, the armature to bo tested is driven, 
when in position between its own field poles, at different speeds 
(n), with its field (a) unexcited, (b) excited to a constant degree, 
(c) excited to various degrees, by an electromotor, and the power 
so required moasurod by a dynamometer or by knowing the 
efficiency of tho motor accurately. 

On plotting a curve between the speed ( n ) and the powers IF 
required to drivo at different speeds in a constant field, the 
constants K u and K p can bo found from it. 

Mr. Kapp’s method is a slight modification of tho preceding, and 
is only applicable to a ready-wound armature core. It consists 
in measuring the power IF required to run the armature to be 
tested at different spends in a constant field N t by running the 
armature itself as a motor “ light,” and noting tho corresponding 
voltage V and current A taken at each speed (n). 

If tlion T a = total number of armature turns all round we 
have tho fundamental relation V = T a Nn 10" 8 . 

But W=AV = AT a Nn 10 8 = nK Jf + n *-K R 

■'■ A = y-y" 0 --8 + ” x a factor). 

On plotting therefore the curve between A and n to the axes 
OY and OS with (n) along OS, we shall obtain the straight line 
PQ. Tho ordinate OP is cc current required to overcome fric- 
tion and hysteresis, while tan. 9 oc tho eddy current effoct. If 
OP is plotted to a scalo of current, then K u =* OP,NT a 10" 8 , 

when F = is also known. 

ri l 

w . , OP Hysteresis -f Frict ion 

e so lavo — f - ^jjy Ster0S j g + Friction) + Eddies. 

Thus thb three separate factors or losses are each determined. 
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Bearing & Wind 


The following graphical method of separating the various 
losses is a simple and convenient ono, and independent of any 
mathematical treatment. It is due to Mr. R. II. Ilousman, and-' 
is as follows — 

Separately excite the field magnets to tho normal amount and 
keep this constant. Note the current and speed of the armature 
when running light as a motor 
_ f° r different noted voltages 
.^1* applied to it. Plotting current, 
i which cc torque with given 

Eddy 1 held on tho ordinates, and volt- 

Currents ( ages which cc speed with 

p- --i£ gj ven fi e ] ( ] oll the abscissa 1 , or 

Hysteresis I Joules per revolution on tho 

g \ c ordinates and revs, per second 

0 Srtyjfi _'i£ on abscissa?, the straight line 

Bearin t & mnd j_ FQ (Fig. 79) is obtained cut- 

0 Fjg -q 9 ting the current axis in V. 

If Q is any point on FQ and 
QS is parallel to OF, then the total loss for that speed OS is 
given by QS x SO. If Pit is parallel to OS, then tho area 
PS oc OS oc power lost in hysteresis and friction together, and 
area Qll x RP oc OS' 2 cc power lost in eddy currents whore QP 
a: HP cc OS. Repeating the above with a different excitation 
will give a second line P’Q\ usually parallel to FQ, showing 
that the eddy currents are constant for a given voltago. 

It may be noticed that the total loss corresponding to any 
point such as Q on FQ = product of co-ordinates = OS x QS, 
and not tho area of the Fig. FOSQ. In other words, the Fig. 
represents the nature of a dynamo Characteristic rather than the 
indicator diagram of a steam-engine. 

To obtain tho total mechanical friction losses, run the arma- 
ture with brushes dowm, field disconnected and unoxcited by a 
direct coupled motor, and note tho increase of current required 
to drive over that needed for the motor alone. Plotting this 
current OB on the ordinates and drawing BC parallel to OS, the 
area OC cc total mechanical frictions, end .\ BR must be oc 
to the hysteresis loss alone. Oa noting this excess driving 


current with the brushes up, we get 0D, and finally tho area 
OE oc bearing and wind friction only. DC being oc the brush 
friction alone. 
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The total losses for a given voltage will be a minimum for a 
certain induction in the armature core, usually between 15,000 
\and 10,000 lines per square? c.in. Sinee the hysteresis losses 
increase rapidly with increase of held, while the frictional losses 
increase with decrease of field due to the higher sjpeed needed to 
obtain the same voltage. 

For high inductions up to 18,000 or 20,000 the eddy currents 
causo the curve to bend upward*, and also the angle 0 to he 
greater. This is probably due to the eddies generated by the 
stray leakage field through the shaft, etc. If the line PQ 
bends, it shows that the eddy-current losses are producing per- 
ceptible demagnetization on the field. Since both the eddy and 
hysteresis losses increase with armature current, these losses 
should really he measured with full-load armature current 
flowing by using the method of Fig. 80, which with careful 
adjustment of excitation will give considerable range of speed 
for constant armature current. 

This question of the separation of the various losses is of 
great importance to the dynamo maker, enabling him to see 
in what way a machine is faulty, i. e. whether the oddy-cur- 
ront loss is excessivo due to insufficient lamination, or the 
hysteresis too great due to too hard or inferior quality of iron. 
Wo will now consider a complete experimental analysis in 
detail. 

Apparatus. — Exactly the same as that prescribed for test 95, 
and in addition an auxiliary motor should be available for coup- 
ling direct to the machine to be tested. 

Observations.— (1) Carry out observations 1-3, test 95. 

(2) Repeat 1 for an excitation 25% above and 50% below the 
normal. 

(3) Disconnect all apparatus from the machine tested, and 
also llio field from tho armature. Connect the instruments up 
with tho auxiliary motor, so as to measure tho power taken to 
drivo it. Demagnetize tho field magnets of tho motor to be 
tested by sending round tho field coils a gradually diminishing 
(to 0) alternating current. 

(4) Measure tho voltage and current needod to run tho aux- 
iliary motor at some ten different recorded speeds between 0 and 
the maximum allowable. 
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(5) Direct couple the auxiliary motor to the armature ‘tested, 
and with the brushes down, note the now power given to the 
auxiliary to drive tho two machines at some ten different speeds, ✓ 
the field of the machine undor test boing entirely- disconnected 
and unexcited 

(6) Raise the brushes and repeat 5, tabulating all your 
results as follows— 

Name . . , Date . . . 

Motor te&kd : No. . . . Resistances: Armature = . . . Ohms @ °C. Normal Voltage a . . . 

Maker.., ,, Shunt =... „ „ „ „ Amps. «=... 

Type ... „ Series = . . , „ „ ,, Speed = . . . 

Total copper losses = . . , 


Speed in 
llevs.por 

Tested Motor Self- 
driven (liglit). 

Auxiliary 
Motor alone. 

Motors 

coupled 

BruRlieB 

down. 

Motoia 

coupled 

BrimheB 

up. 

Friction los&oa. 

Min. 

Sec. 

Excitation. ■ 

fc? 

2 

o 

i 

4 

t 

2 

l 

C 

u 

< 

£ 


£ 

£ 

« 

£ 

* 

E? 

II 

c 

if 

“l£ 

<4 

m 1 

n 



~ 

















(7) Plot all your results to the same pair of axes, having in 
each case the speed in revolutions per second on the abscissae and 
the power in Watts required to be given to the shaft of the 
dynamo under test to produce those speeds under the various 
conditions mentioned in observations 1-6 on the ordinates. 

(8) Calculate the various losses at normal speed as a per- 
centage of the total loss in the whole machine at full load. 

Inferences. — State very clearly all that can bo inferred from 
your experimental results. 

Note.— A variation of the preceding method for measuring 
the hysteresis and eddy current losses consists in measuring 
the watts absorbed by the armuture in running the machine as 
a motor light at a series of excitations between 0 and the 
normal, the speed being kept constant at normal value by adjusting 
the volts on the armature by means of a main circuit rheostat 
in series witli it. 

Plotting a curve with armature watts as ordinates, and excita- 
tion as absciss®, we find its lower portion to be nearly straight, 
and this part produced to cut the ordinates will give the watts 
which would be absorbed at zero excitation, Thus the differ- 
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ence between tlio watts at any given excitation, and at this 
zero value, will be the power lost in hysteresis, eddies, and 
Vieclianical frictions. 

Again, if the curves are plotted between Joules per revolution 
as ordinates, and revs, per sec. as abscissae, the friction line liC 
separating frictional and electro-magnetic losses has a fixed 
position in the diagram ; whereas, with the axes denoting current 
and volts, a different friction line has to bo drawn for each 
excitation, thus making it difficult to seo what proportion of 
the whole loss is electrical and what frictional, when more than 
one set of curves corresponding with different excitation is 
drawn on the same curve-sheet. 


(78) Measurement of the Coefficient of 
Magnetic Leakage “ v>” and of the 
Relative Distribution of the Waste 
Field of Dynamos and Motors. (Ballistic 
Method.) 

Introduction. — Tho present test has a most important bearing 
on tho design of tho magnetic circuit of a dynamo or motor, for 
since only a fraction of tho total number of lines of magnetic 
force, generated by tho field magnets, are usefully employed 
in cutting the armature conductors and so generating the 
requisite the results of tho test enable the designer to 

allow for this discrepancy, providing ho knows the coefficient 
of magnetic leakage “v” for tho particular form and typo of 
machine in question. 

In addition to this, the relative distribution of the waste field 
around the machine enables defects in the design of the magnetic 
circuit to bo seen and corrected, for at the best the magnetic 
circuit of a dynamo or motor is very imperfect. 

It should be remembered that leakage of magnetic lines of 
force will take place across any two points between which there 
is a difference of magnetic potential, the magnitude of which 
leakage will depond directly on this potential difference, and 
inversely on the magnetic resistance of tho path. 

The following is a convenient method of measuring or comparing 
the relative amounts of leakage in different parts of a dynamo, 
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and therefore tho shlic leakage coefficient v for the machine; 
the term static being here used to denote the value of v obtained 
when the armature is at rest, for it is well known that an 
armature delivering current exerts a demagnetizing action on tho 
field which directly promotes leakago. Assuming the normal exci- 
tation constant, the leakage will increase with the output, and it 
will largely depend on the degree of saturation of the iron and on 
the relative magnetic reluctances of tho various parts. The method 
depends on the measurement of induced currents produced by 
moving either (1) an exploring coil so as to cut tho field to bo 
tested, or (2) tho field in such a way as to cut the coil, the latter 
method being hore adopted. Either tho relativo or absolute 
numerical values of the stray and useful flux in tho various parts 
can be found, tho relative values being obtained with reference 
to that part in which the flux is a maximum which can be taken 
as unity. Knowing these, tho absoluto values can be obtained 
by running the armature at a known speed and measuring tho 
E.M.F. without allowing it to develop current and thereby 
distort the field. The useful armature flux can now bo at onco 
calculated, and from it, that in each of the various paits, or 
thus: — supposo we have a circuit consisting of a ballistic gal- 
vanometer, resistance box, earth inductor of N x turns, mean 
area A L square c.ms. in series with an exploring coil of N 2 turns, 
mean area A 2 s 'l U:U ’ e c.ms. wound round the magnetic field to be 
tested. If now the inductor, with its plane vertical or horizontal, 
is rotated rapidly through 180®, cutting the earth’s field of 
strength F v then tho total quantity of electricity set up in the 

transient current is = - — i £ LJ 1 = K sin. \ 9 x where K = ballistic 

constant, A', = total circuit resistance, 6 X = angular throw in 
degrees. If the exploring coil is now made to cut the field to be 
tested of strength F t by suddenly making, breaking, or reversing 
N,A.F 

the exciting current, we get Q 2 = -'*^— = K sin. £ 0 2 where 0 2 
and Ii 2 have the sarao meaning as before. . * . Dividing wo get 




f lines per square c.m. in the loop or searih 


i 

coil (in absolute measure) where d x and d 2 = scale deflections 
corresponding to Q x and 9 r 
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As, howover, it is the total field [A 2 F^ which we really desire 
to obtain, and denoting this by Ff 

we have F T = 2 x ~ 2 lines. 

Apparatus. — Earth inductor A; resistance box A; charge and 
short circuit key A"; ballistic mirror galvanometer G (*p. 569), having 
a small’ log decrement and periodic time about 8 or 10 seconds, so 
that this may be large compared with the time of flow of and 
Q 2 which can therefore pass through the coil before it begins 
to move. A shunt wound dynamo to be tested ; ammeter A ; 
rheostat (r) (p. 599); quick break switch Sj and source of current.#. 



Observations. — (1) Adjust tho needle of G to zero, and wind a 
single complote turn of wire on the dynamo at position A , 
connecting it up with the other apparatus as indicated in Fig. 
80. The F.M. coils must be disconnected and excited separately 
from B. 

(2) Close S and adjust (»•), so as to got normal excitation 
through the F.M. coils. 

(3) Close K, opon S, and adjust R by trial so as to get a 
convenient throw on G, then note its value (Zy on breaking, 
and (Z) 2 ) on making circuit at the excitation being that in 2. 
Repeat this twice and take the mean of each, calling it (<f a ). 

P 
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(4) Repeat 1-3 for each of the positions of tho exploring 

loop indicated by tho letters J>, C, 1 ) , E, F, G\ II , 7, J, K y and L, 
respectively. . / 

(5) Repeat 4 for excitations 50% higher and 50% lower than 
the normal, and in each ease calculate v from the formula, 

Total Field 
V Useful Field 

(6) Let down the brushes and run the machine at a known 
speed, measuring tho E.M.F. E at each of the three excitations 
used, and tabulate as follows — 


Kami . . Darn . . . 

N\ = . . . turns F\ - . C.G S. units. 

A\ -■ . . . sip cans. t/j = . . . Scale divs. 

Galv. resistance g = . . . olnns. Total .Vo, aimntuic conductors C - . . . 

Induetoi resistance r,. — . . , olnns. speed = . . . revs, per nun. 

Total resistance 7fi = . . . olnns. = . . . levs, per sec. (a). 



Inferences.— Stato clearly all the inferences which can he 
drawn from the results of the above experiments, and point out 
their bearing on the design of field magnets for dynamos and 
motors. 
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479) Magnetic Characteristic of a Dynamo 
with varying Air Gaps. 

Introduction. — It is of considerable importance, especially in tho 
design of dynamos, to know the effect which the length of air 
gap, between the field magnet (P.M.) pole faces and armature coro 
has on tho excitation required to force a given number of magnetic 
lines of force through the coro. For convenience the curve show- 
ing the relation between the am p.-turns (A.T.) or magneto-motive 

force (M.M.F.) which = ^ x A.T. in the F.M.s and the total 

useful llux of lines (A T ) through the armature will bo called the 
Magnetic Characteristic for tho air gap used. The flux (N) can 
be found in two ways : (l) by using a ballistic galvanometer in 
series with a “search coil ” temporarily wound on the armature 
and noting tho throws produced on tho galvanometer by making, 
breaking, or reversing known currents in the F.M. coils ; (2) by 
running the armature mechanically and noting its E.M.F. speed, 
and number of conductors round periphery, N being then calcu- 
lated from tho fundamental formula K — A r nC-r 10 s . This is the 
best and more practical method to employ, because the armature 
will now exert a slight demagnetizing action on the F.M.s tending 
to increase leakage and approximate more nearly to actual working 
conditions. The Exp. is divided into three distinct parts, viz. the 
determination of the relation between — 

(a) The M.M.F. and flux (N) through armature with constant 
air gap. 

(/?) Tho air gap and flux (iV) through armature with constant 
M.M.F. 

(y) The air gap and M.M.F. through armature with constant 
flux (iV) in armature. 

Apparatus. — The dynamo D capable of being driven mechanic- 
ally ; tachometer ; voltmeter V ; ammeter a ; switch S ; rheostat 
r (p. 59b) ] supply of electricity. 

The machine D to be tested must be specially constructed in 
order to bo able to operate this test. As shown in Fig. 81, the 
pole pieces are each capable of being made to approach or recede 
from the armature by turning a massive screw bolt h lilted to 
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each, by means of a suitable key. The distance apart of the pole 
tips can be read off on a scale C fixed to the body of the machine. 

Note. — The pole tips must never be closer together*' than the 
two zero scale divisions which will be termed their rtbrmal position 

in what follows, and must 
always be left at this dis- 
tance after the test is over. 
To ino'easn this distance 
turn the sci'ew clock-wise. 
It will be noticed that tho 
initial slopes of the curves 
in (a) are determined by 
the air gap, also that the 
air gap causes tho curve to 
bend over. 

All lubricators must feed 
properly before the ma- 
chinery is started. 

Observations. — a — (1) 
Connect up as shown in 
Fig. 81, and adjust the pointers of all the instruments to zero. 

(2) Set the pole tips at exactly the normal distance apart and 
adjust the speed so that with the maximum excitation allowable 
in the F.M. coils 25% above normal, the E.M.F. can bo read off 
on v. 

(3) With air gap and speed constant, adjust tho excitation to 
about J of the maximum allowable. Note this reading A and 
that on ( v ) viz. E. 

(4) Repeat 3 for about eight ascending equal increments of 
current to about 25% above the normal excitation, 

(5) Repeat 3 and 4 for the pole tips lialf-way and the farthest 
apart. 

(6) Repeat 3-5 for the same current values descending. 

(7) Plot curves in each case with M.M.F. as abscissae and A r as 
ordinates. 

P — (1) Adjust the exciting current to the normal value and 
the speed so that the E.M.F. can be read off on v. 

(2) With M.M.F. (i.e. A) and speed constant and the pole tips 
at exactly the normal distance apart, note the reading (E) on v. 
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(3) Repeat 2 for eight different distances increasing by J at a 
time to the maximum possible. 

' (4) Repeat 2 and 3 for a return set of distances to the minimum 
(normal). 

(5) Plot curves in each case with distances between iron of 
armature and pole face as abscissas and A as ordinates. 

y — (1) Adjust the excitation to maximum and the speed so 
that a suitable low reading of, say, ^ maximum voltage is obtainod 
on v. 

(2) With N (i. e. E) and speed constant and the pole tips at 
exactly the normal distance apart, note this distance (d) and the 
exciting current A. 

(3) Repeat 2 for eight values of (d) rising by J of the maximum 
at a time to the maximum, noting A , at each position, which is 
nocessary to keep E constant. 

(4) Repeat 2 and 3 for a return set of distances to the minimum 
(normal). 

(5) Plot curves in each case with M.M.F. as abscissae and (d) 
as ordinates. 

Name . . . Date . . . 

No. Armature conductors C = . . External diam. lion core = . . . Irthea. 

Total F.M. turns (r)= .. . Internal „ „ „ --- 

Nett length „ „ a . . . „ 


Speed In 
Ilovs. 

UNlanco 
betwoon 
pole tps 
id). 

Distance 
between 
Iron of 
face to 
coie. 

Exciting 
Current, A amps. 

E.M.F. on 
(») & 

M M.P. 
4jt 

"io A - T 

i 

Flux 

N. 

lQBff. 

Ter 

Min. 

l'er 

Soc. 

Increas- 

ing. 

Decreas- 

ing. 

Inerea*. 

ing. 

Decreas- 

ing. 









I i 



Deductions. — State very clearly all the inferences which you 
can draw from your results and point out their bearing on 
dynamo dosign. 


(8o) Localization of Faults in Magnetizing 
Coils. (Induction-Ballistic Method.) 

Introduction. — When a magnetizing coil of insulated wire is 
wound on a metallic bobbin, the latter is usually insulated on the , 
inside by a thin strata of insulating material before winding on 
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fcho covered wire. Notwithstanding this, it may and does some- 
times happen that the wire core becomes “ shorted ” to the metal- 
work of tho bobbin, through the covering and insulation of the' 
bobbin. This is particularly liable to be tho case -in shunt coils 
of dynamos which are wound on metal “formers,” insulated with 
vulcanized fibre tissue before winding. 

Such a fault, through poor contact of, in many cases, a very 
uncertain nature, gives trouble in the ordinary methods of testing 
for its position, by giving unsteady readings. Thus the ordinary 
resistance methods are extremely liablo to be vitiated by variable 
contact resistance at tho fault. The following method for local- 
izing the position of tho fault by means of induced currents , 
measured ballistieally, is often a more convenient and reliable 
one for tlio purpose. 

Apparatus.— Metallic bobbin or former F to be tested, wound 
with the magnetizing coil (m) which is “ shorted ” to frame at tho 

point (/); high resist- 
ance ballistic galvan- 
ometer G ; two-way key 
K (p .087); battery 
of secondary cells R ; 
switch S; ammeter A, 
and temporary primary 
magnetizing coil PP 
wound over the outside 
Fro. 82. of the magnetizing coil 

mm proper, which is to 

be tested ; rheostat It (p, (306) ; known high resistance box r. 

N.B. — It will be noticed that, as represented in Fig. 82, tho 
fault (f) is on tho first layer of turns next to the frame A’, and we 
will suppose that the turn at (/) is making contact there with 
the metallic frame (F). Thus it will be seen that the point (/) 
divides the total number of turns on tho whole bobbin into two 
parts between the leading out wires of the coil, so that 
total turns — turns between T x and f + turns between 7 T 3 and /. 

Observations,— (1) Connect up as in Fig. 82, and adjust A 
and G to zero, tho temporary coil PP having been previously 
wound on and a wire soldered to any point (p) on the metallic 
bobbin frame F. 
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(2) With R full in, close S and adjust tho current on A to 
some convenient amount. Next also close K to stud 1 and adjust 
y to such a value as will give, say, \ or ;J scale deflection d x on G 
when S is opened suddenly. Repeat two or tlireo times with the 
same constant current, both made and broken in P. 

(3) (Jloso K to stud 2 and repeat 2 above with t*ho same cur- 
rent, noting tho now resistance out in r to give a suitable first 
throw on G. 

(4) Repeat 2 or 3 for about four or five current strengths A so 
as to obtain finally different throws on G which will check one 
another, and calculate the position of the fault (/), or the number 
of turns to bo unwound, to reach it, from the relation 

N x turns between T\ and/ mean 1st throw d v ?*, 

N 2 ~ turns between T 2 and f mean 1st throw d 2 X r 2 a Id >l0X ‘ 
where r x r 2 are tho total resistances of r + G when obtaining d x and 
d 2 respectively, and which aro assumed to bo very largo compared 
with the contact resistance at f and also the resistance of the 
turns between / and both 2\ and I If the resistance of the 
coil (in) is from 5 to 20 ohms then(r + G y ) should if possiblo bo at 
least 10,000 ohms. 


Namk . . . I) Air. . . . 

Cml tested : Total Turns N- . . . Total Resistance 
(i.iUanornoter Itos.stanrc Q~ . . . Ohms at . . . °C. 


Cut i nit 
for 

lefciriices 

only. 

1st tluons on O. 1 

Box resistance. ! Cuouit Resist | 

Hallo 

Turns to 

moan 

moan | 

d$. 

r 

»• 4 <? 
r' - (c.). 

> J + a 
-('■A 

nun i ml 





1 _ 

l i 



N.B. — Tt will bo noticed from the formula in 4 that if r is 
adjusted so that d i = </ 2 , then 


N x /N 2 = ^ovN 2 


r x + r 


or again if r is kept constant throughout, 

thra A r ,/A r , =dJJ, or = - d -Jx N - 

If G is insonsitivo an iron core may be inserted in the coil to 
form a closed circuit if possible ; this will increase the flux for a 
given current made or broken in Pl\ and therefore also the first 
throws d x d 2 on G. 
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This has the further advantage that and N 2 now fiQclose 
the same number of lines of force, which is only approximately 
true if there is no iron core and the coil long. ^ 

It should be observed in passing that even a simpler method 
still than the one describod above, for finding the position of the 
fault (/), would be to employ a slide wire or meter bridge or other 
convenient form of potential divider in the following manner. 
Connect the ends 7\ r l\, Fig. 82, of the faulty field coil to the ex- 
tremities of a meter bridge wire and also to two or three Leclaneh6 
cells ; connect the galvanometer G, which need not now bo bal- 
listic, but which must be sensitive, between the metallic former 
at p and the slider key of the bridge wire. Now move the key 
such that on tapp'ng it G does not deflect. Then the lengths 
T x f and fl\ of the faulty coil are in the proportion of the corre- 
sponding lengths of the stretched wire either side of tho K, and 
are therefore known if the gauge of winding and its resistance 
(which can be measured in the ordinary way) are known. 


(81) Determination of the Rise of Temperature 
and Increase in Resistance of Magnet- ' 
windings. 

Introduction. — Since every magnet coil has some resistance, 
which is usually considerable in shunt or pressure coils but 
small in series or current coils, it follows from Joule’s law that 
heat must be generated in them when excited. The amount of 
heat developed per second by a current of (/) amperes flowing 
through, or a pressure of (V) volts across the terminals of, a coil 
V 2 

of R ohms resistance is cc 1 2 R or . Any coil must therefore 

have such an external surface for radiation of heat relatively 
to the amount of heat developed in it, that the “steady” 
temperature attained when the rates of production and dis- 
sipation of heat become equal is not high enough to deteriorate 
the insulation of the winding. The maximum limit to this 
“steady” final temperature is usually fried at about 50° C., for 
it is found that the commoner insulating materials used generally 
begin to deteriorate with temperatures exceeding GO to 70° 0. 
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Admiralty specifications, however, prescribe that after a six- 
hours* run at full load, no accessible part of a maphine may 
show a temperature of more than 70° F ( = 38 0, 8 C) above the 
surrounding air. This would seem unnecessarily low, but from 
remarks to follow may not actually be so. , 

In the case of dynamos and motors the rise of temperature 
and its final steady value is required for the armature, series 
or shunt coils, commutator, bearings and frame. Further, it 
has been shown that the radiating facility of a surface in 
contact with iron is nearly twice as good as when it is exposed 
to air. 

Except in special measurements and research, when perhaps 
thermo-couples and their equivalents may bo used, tho tem- 
perature rise of coils while energized is always obtained either 
(1) by thermometer, the bulb of which is placed on the coil and 
covered with a pad of cotton wool, or (2) by resistance measure- 
ment, obtained from the readings of an ammeter in series with, 
or a voltmeter across, the coil and the application of Ohm’s law. 
This latter method is the one usually employed in a test room, 
is tho most accurate of the two, and the quickest method of 
finding the “true mean rise” of temperature, especially with 
series coils. With shunt coils this resistance method can bo 
effected by switching the supply off and then quickly measuring 
tho resistance of the coil by tho Wheatstone Biidge method. 
Usually tho true mean rise of temperature by resistance to>ts is 
found to be at least 14 to 1*6 times greater than the apparent 
mean rise by thermometer duo to the temperature of the layers 
of winding increasing from the outer one to that situated about 
three-fourths of the thickness of coil from it, and then decreasing 
again to the inner layer next to the iron core. 

If R c = the resistance of tho coil cold, and Tfy that when hot, 
then Eft — R e ( 1 a (fy — t 9 )) approximately, 

Ffi lX affi , . 

or y = j —j- — - more accurately, 

where t c and = the temperature in deg. cent, of tho coil, cold 
and hot respectively, and a = the temperature coefficient of the 
material which for copper = 0*00428 ohm per ohm per 1® C. 

= 000128 = 0-00238 per °F. 
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,\ tho rise of temp. = (/ A — t e ) — — - 

a.h c 

— 2.13 dog. cent. = 420— ---- dog. Falir. 

lie ' 

If now T— final temp, riso above surrounding air, 

S = total heat radiating surface in □" (exclusive of 
end flanges and internal surface, if any), 

W ~ total watts wasted in tho coil at full load 


/ 


= total PR, 

then T cc Il r oc J- or T = -j X A', 

where (A”) = a heating constant depending on tho depth of 
winding, amount of fanning by the armature, and whether the 
surrounding air is still or circulating, and may be taken as 75 
for the usual shape and size of field coils of dynamos and 
motors, especially of multipolar types, excepting when iron clad. 
W 

Hence T= 75— deg. cent. 


and since for shunt bobbins IF= VI sh — I 2 sh^sh- 
for a prescribed temp, rise (T) we have 


max. shunt current 



r.s: 
75 Rah 


amperes. 


Apparatus. — Magnet coil F (of, say, a dynamo) to be tested ; 
ammeter (r<) and voltmeter (v) each capable of dealing with the 
full- rated current and voltage for tho coil; switch ; watch; 
small bulb thermometer and cotton wool; adjustable high re- 
sistance r for shunt coils, or low resistance for series coils; 
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ammeter A , voltmeter V, switch S t and adjustable load resistance 
for the main circuit to the armature M. Separate means for 
driving M. 

Observations.— (1) [. Armature M stationary]. Connect up as 
shown on the left half of Fig. 83 and adjust a and v to zero, if 
necessary, Note the temperature of the air of the room by the 
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thermometer, secure the thermometer with its bulb touching the 
outside of the coil, and cover the bulb with a pad of cotton wool. 

* (2) With r full in, close JS X and quickly adjust r so that v or 
a shows the normal value for the coil, and note the readings of 
both v and rr, the thermometer and the time. 

(3) 13y adjusting r maintain (a) constant in testing a series 
coil, or (v) constant in testing a pressure coil, either at the above 
normal value, and note tho readings of v, a, the thermometer 
* and time, say every 10 minutes for the first 1£ hours, and then 
overy 15 or 20 minutes, up to the condition when the variable 
quantity heroines constant. Then, again, take the temperature of 
the room and tabulate as follows — 


Namic . . . Dais. 

Coil Tosto'l Type . . . Thickness . . . External Surface S— . . . □" 

Temp of Room at Stilt - ... ”0. at Eml of test ■» , . . *C. 


Time 

of 

Reading 

Minutes 

fiom 

start 

Amps 

(a). 

Volts 

Watts 

ir-a*. 

lies is t- 
anc<- ot 
Coil 

Calculated 
Temp. Rise 

233 A/I l~ — 
X, 

Ther- 

mometer 

Reading 

«. 

Wh. th.T 
Motor 
at Rest 
or how 
Running. 



1 | 


lZ J 

i._;_ 





(1) \ Armature J I driven at Full Loatl and at Normal Speed ], — 
Repeat obs. 1 3 after the machine has cooled down to the 
temperature of the air. 

(5) Plot curves to tho same axes ha\ing time in “minutes 
from start" as abscissa' with values of R h , T, and t as ordin- 
ates; calculate tho “heating constant ” (A r ) from tho relation 

K = and the maximum value of shunt current suitable for 

W 

coil tested for the value of (A r ) found, and for a final temperature 
rise T of 50" C. above air. 

Inferences. — Clearly state all that can be deduced from the 
results of tho test, and point out their bearing on temperature 
testing. 

(82) Efficiency of Direct Current Dynamos. 
(Swinburne’s Electrical Method.) 

Introduction. — This method, due to Mr. James Swinburne, lias 
the advantage, firstly, in point of accuracy, of being solely an 
electrical one, and therefore far moro accurate than a dynamo- 
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meter method in which the power required to drive is measured 
mechanically ; secondly, of not requiring another similar machine 
for coupling to it, in addition to the one tested. The method, * 
which is often termed the “ Stray Power ” method, is consequently 
very suitable for employment in workshop dotermi nations, where 
usually no good transmission dynamometer is available for 
measuring the H.P. used in driving the generator under test, 
and is invariably used when Ilopkinson’s method cannot be 
applied as, e.g when no second similar machine is available. 
I'ho principle of the present and all similar methods is based on 
the following, namely, that the total power put in = total power 
given out -j~ total power lost internally or in symbols 

W^Wo+Wl 

where the suffixes /, 0 and L denote the input, output, and 
total losses in Watts (IF) respectively. 

Thus the commercial efficiency (rj) of tho dynamo is at once 
obtainable from the relation — 

Wo __ Wo 

1 = W, IKo+IFi 

The output in Watts W 0 developed by the dynamo is at once 
deducible from the product of the volts V and amperes C given 
out. Tho total loss ]f L in Watts occurring internally in any 
dynamo is made up as follows — 

(a) Copper losses L e in armature aud exciting coils due to 
heating by the passage of current, and which can easily be calcu- 
lated when the currents and resistances are known. 

( b ) Friction losses L F duo to air churning, journal and brush 
frictions. 

(o) Magnetic frictions or iron losses L m ,due to Eddy or 
Foucault currents and magnetic hysteresis. Hence the total 
internal loss W L - L c + L F + L m and to tho quantity (L F +L m ) 
Mr. Swinburne has given the somewhat appropriate name of 
“ Stray Tower.” 

The topper losses are calculable as follows — 

Let C = the current given by the dynamo at its normal voltage 
V to some external circuit, and let R a R St R Sh be the resist- 
ances of the armature series coils and shunt coils respectively of 
any dynamo to be tested, of which R Sh can bo measured by a 
Wheatstone Bridge and R a R& by the “Potential Difference” 
method (p. 84), We shall then have for a 
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Series dynamo L e = C 2 (R a + ^Se) 

V 2 / V V 

Shunt dynamo Lc ~ jr + ( @ I R* 

Ji Sk \ LshJ a 

Compound dynamo (long shunt) 

yi ( 7\2 

L ‘ = j^ + v + irj ( R “ +ri ^ 

Compound dynamo (short shunt) 


L e *=■ CPRi 


, + t 


CP, 


the stray power (L F +L m ), can 


Esti 

The remaining losses, i. t. 
readily bo obtained by running tlio dynamo as a motor, the 
held magnets being separately excited so that the armature lias 
the same magnetic induction as at full load, the E.M.F. supplied 
to it being at least equal to the total E.M.F. which the machine 
would develop when running on full load as a dynamo at normal 
speed. Thus the machine is running on no load other than its 
own friction, eddy currents, and hysteresis. If A = curront flow- 
ing through the armature and F a = tho voltage across its terminals 
when the speed is up to normal, then wo have 

Stray power = (L F + L m ) = AV a - L a 
where L a = copper loss in the armature for the current A in it. 

Note. — Only a comparatively sin ill curront (4) at the proper 
E.M.F. mentioned above will be required to be furnished by the 
auxiliary source of current, and if R a is very small, L a can be 
neglected in comparison with AV a in this last formula. 

Apparatus. — Dynamo M to bo tested, which for the purposes 
of discussion meroly we will assume is shunt wound ; voltmeter 
V ; low reading long scale am- 


meter A ; rheostats R (p. 606) 
and r (p. 500) ; tachometer ; 
complete Wheatstone Bridge 
set(TF. J S); two-way voltmeter 
key K (p. 587) ; switch S 2 ; 
source of current E at a suffi- 
ciently high E.M.F. 

Observations.— ( 1 ) Connect 
up as in Fig. 84, and adjust 
the instruments V and A to 
zero if necessary. Switch on E t 
when tile field should be then 


Sh 
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excited to tho normal amount, as can be seen by closing 7i 1 , and 
observing whether the normal voltage which tho machine would 
give as a dynamo at the proposed speed is indicated on V. 

(2) With R at its maximum value (not less than abdut 10 ohms) 
close aS t 2 , adjusting R so as to give the armature the full requisite 
E.M.F. K It will still run under tho normal speed, since with 
so small a current the armature produces no demagnetizing 
action to quicken it up. Now adjust r so as to bring it up to 
the normal speed, and noto by closing K 2 tho volts V„ across the 
armature terminals and tho current A amps, flowing through it. 

(3) Repeat 2 at the same excitation for some ten different 
speeds in all, both below and above normal, (by varying R), 
entering the readings in the small tabular form— 


Speed 

| Stray Tower readings 1 

Total Inlako 

m 

r.p.m. ■ 

Volts 

Amps. 

A. 

Watts 

a r a - 

watts ri nning 
lighter,,. 

1 





(4) Open A’, S 2 and K and measure by means of W.B. tho 
resistance R a of the armature and R^h the shunt, remembering 
of course to disconnect one from the other while measuring their 
respective resistances 

(5) Calculate tho power supplied and the commercial or nett 
efficiency of the dynamo for some ten different values of 
currents C (at, say, constant speed and voltage) taken from tho 
machine, ranging from 0 to full load by about equal increments, 
and tabulate as follows— 


Namb . , . 


Dahi . , 


Dynamo tented : No. . . . Normal Voltage - . . . Volts. 

Ijpe . . „ Current = . . . Amps 

Maker ... Speed = . . ito\s. 

Resistance : Armature = . . . Ohms (?# * C. 

„ Shunt = . . . ,, ,, 

„ Series . . „ „ 


Normal Speed 
Revs, per min. 

Tower developed 
assumed lor 
calculation. 

Stray Tower 
Measurement in 
olis, 2. 

Losses. 

Calculated 
Tower 
to Drive 
Wj 

w 0 + W L 

Commer- 

cial 

Efficiency 

-10.& 

ifj 

u' 

£ 

o 

0 

i 

$ 

Total 

Output 

w 0 -vc. 

Volts Fa 

i 

c 

< 

« AVa 
- AlRa 
Walts. 

Copjier 

calcu- 

lated 

Ik 

Total 
,K x= 
it + h' 
+ lm. 
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Note. — There will be only one value, that corresponding to 
normal speed, in each of the columns 1, 2, 5, C, and 7 (counting 
‘ from left to right) in the last table, but as many values in tho 
remaining columns as there are values of amps. C assumed 
between 0 and full load. 

(6) Plot the following curves hitting — 

(a) Efficiency as ordinates and Watts developed as abscissae. 

(b) Stray power as ordinates and speed of armature as 

abscissa?. 

(r) Watts developed as ordinates and Watts to drive as 
abscissas. 

Inferences. — State clearly all that can be inferred from your 
experimental results. 

(83) Efficiency of Direct Current Generators. 
(Hopkinson’s Electrical Method.) 

Introduction. — The earlier methods of measuring the efficiency 
of direct current generators, in which tho electrical output of the 
machine was obtained by the produet of tho ammeter and volt- 
meter readings, while tho total mechanical input was obtained 
by means of some suitable form of transmission dynamometer, 
are more or less limited in their application from tho fact that 
a reliable dynamometer is not always available. Even when it 
is, the method gives only an approximate result, for the error 
made in measuring the efficiency is proportional to the error 
made in measuring the input as given by the transmission dyna- 
mometer, and which is only too easy to make in an appliance such 
as this. It will therefore be evident that, given accurately cali- 
brated instruments, any method of measuring the efficiency solely 
electrically will ho capable of giving far more accurate results 
than could be obtained with any dynamometer. 

The present method has this advantage, of being solely an 
electrical one, and requires two machines of as yearly the same 
output as possible, the accuracy of the test practically depending 
on how nearly alike in this respect the two machines are. 

They must be capable of being placed in alignment with their 
shafts coupled mechanically together. Tho test can be made 
with either series, shunt, or compound machines, but the shunt 
is much t4io simplest. 
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Apparatus. — Accurate ammeters A and tftj a 2 ; voltmeter V ; 
rheostats R t R 2 for the field circuits (p. 599); change over 

voltmeter koy K (Fig. 
254) ; dynsmo (a) to 
be tested coupled both 
mechanically and elec- 
trically to a similar ma- 
chine (/3) which runs as 
a motor. An auxiliary 
source of current (y), 
such as a storage battery, 
or another dynamo giving 
nn E.M.F. about equal 
to the normal of a and /?, 
and able to supply the 
losses occurring in the 
machines a and /?; switch 

Observations.— (1) Connect up as in Fig. 85, and make sure 
that the E.M.F. of y assists that of the dynamo a in driving the 
motor fi in the right direction for self-exciting a. 

(2) The respective fields F* and in series with rheostats 
R x and R 2 respectively, are excited from the terminals of y, as 
shown, to the normal amount roughly, except that of /?, which is 
weakened to enable it to run as a motor. 

(3) With Rh full in to start with, close S and adjust the 
auxiliary source of E.M.F. (y) and the rheostat (Rh) so that the 
machines get up speed, and if possible obtain the normal full 
load current of a through the circuit. 

(4) Slightly re-adjust R l and R 2 to bring a/3 up to normal 
speed, then in quick succession measure the volts V l at the 
terminals of the dynamo a and the volts V 2 , at tho motor by 
means of the key A, at the same time noting the main current 
on A and the exciting currents a 1 and a T 

(5) If possibK obtain three or four different load currents 
through afi from the normal downwards, and calculato the effici- 
ency 3 from the relation 

2 = ^ ^ Jy approximately, 
and tabulate in a convenient manner. 



S‘ } rheostat Rh (p. 606, Fig. 274). 
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Infeiences. — Show how the above relation can bo obtained, 
and state any assumptions made in obtaining it. What correc- 
tions would have to bo applied to make it rigorously true? 
Obtain the true valuo of the efficiency 2 by applying the correc- 
tion in question. 

The test, though simple, requires a certain amount of expen- 
mental skill, especially in the case of series and compound 
machines. Moreover, the starting is somewhat troublesome. 

By a slight modification in the connections, the test is a little 
easier to carry out, and this is shown in Fig. 86. Like the preced- 
ing arrangement it involves the use of an auxiliary generator or 



set of secondary cells having the same current capacity as the 
machines under test, and a voltage of from 8 to 25% of that of the 
generator, according to their efficiencies. This, being, as before, in 
series with the generator and motor, takes the form of an added 
voltage to the system. 

Jt is much better to excite the shunts from an independent 
supply instead of the auxiliary source. 

In this arrangement the motor /3 must have the strongoi field, 
and in order to start, the field Fa of the generator a must 
either bo broken or bo made compaiatively weak by means of the 
rheostat U v 

Apparatus. — Similar to that for the preceding test ; source of 
E.M.F. (E) necessary to fully excite the shunts Fa and Y(3, the 
Auxiliary Source y being as above mentioned. 

Observations. — (1) Connect up as shown in Fig. 86, and adjusi 
the ammeters A and a, and voltmeter V to zero, etc. 


0 
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(2) With 7? x and 7 th full in and the voltage (v) of the source 
E at the requisite value, close S, adjusting Eh to obtain full load 
current A through a and /?, then simultaneously take the read- 
ings of a, v, A and the volts V 1 and F 3 across a and y by means 
of the key K. 

(11) Calculate the efficiency of either machine from the 
relation — 






A (K,+ K 3 ) + «.». 


and tabulate your results in a convenient manner. 


(84) Measurement of the “Nett" or “Com- 
mercial” Efficiency of Direct Current 
Dynamos. (Kapp’s Electrical Method.) 

Introduction.— The following, being an electrical method en- 
tirely, has the advantage that all the measurements are electrical, 
thereby enabling the efficiency to bo determined with far greater 
accuracy than would bo possible with any mechanical transmission 
dynamometer. 

The method consists in coupling the generator to be tested 
both mechanically (with their armatures in alignment) and 
electrically to a similar type machine of as neaily equal power 
as possible, and which latter is made to run as a motor, driving 
the other, by the weakening of its field, with a rheostat. A 
small auxiliary generator, giving lit* normal voltage of the 
machino to be tested, is required, and must be so connected that 
it can be placed in quick succession across the terminals of the 
two coupled machines. The auxiliary source therefore supplies the 
necessary exciting currents together with the difference of the 
currents flowing in the two coupled machines. The test, though 
simple, requires a certain amount of experi mental skill, especially 
in the case of series and compound machines. 

Apparatus. — Dynamo (a) to be tested, assumed to bo a shunt 
wound machine and having its field coil* F a across its terminals ; 
another similar machine (3 to act as a motor and having a 
rheostat 7? 2 in its field Fp \ “ change over ” switch C (Fig. 253) ; 
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main rheostat R i (p. 606) ; 
ammeter A ; voltinetor V ; 

•switch S l and auxiliary 
source of E.M.F. (y), which 
may consist of the town 
mains (if the supply 
is continuous current), 
secondary battery, or 
small dynamo giving the 
normal E.M.F. of the gen- 
erator « to be tested. 

Observations.— ( 1 )Con- 
neet up as shown in Fig. 

87, and adjust the point- 
ers of A and V to zero, if necessary. Arrange the machines a 
and ft in alignment and couple their shafts together by a 
suitable coupling. 

(2) Turn the “ change-over ” switch C to a, and with h\ large 
close S x and gradually adjust h\ and consequently the current 
until tlie machines start. Then when they are running at a 
constant speed, with V reading the normal voltage of a, note the 
ammeter reading A a . 

(3) Quickly “chango over” C so as to place the auxiliary 
source y across ft and note the ammeter reading Ap for the same 
volte go Fas before. 

(4) Repeat 2 and 3 for soino four or five different speeds, cur- 
rent, and voltages, and calculate the eiliciency from the relation — 

Combined eiliciency of the two machines = 



Commercial eiliciency of either machine = 
Tabulate your results as follows — 



Name . . . Date . . . 


Generator tested : No. . . . Typo . . . M.iknr . . . Normal Volts . . . Amps. . . . Speed . . 
Machine Coupkd : No. .. . „ ... ,, ... Normal „ . , . ... „ 


Speed in 
Revs, per 
nun. 

Voltage 

V. 

Currents in Amps. 

Efficiency of 

^a. 


Combination 

Ucnciator tested 
or the other 

100 ^ 7 j7p y " 

r 
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Inferences.— Show how the expression for the efficiency can be * 
obtained, and dilate on the advantages and disadvantages of the 
method. 

The preceding method can bo slightly simplified by the 
following moi]itications. As in the above tost, the following one 
involves the use of an auxiliary generator or set of secondary 
cells, having the same voltage as the machines under test and a 
current output of about 8 to 25% of that in the armature of a 
or ft. Being in parallel with the machines to be tested, it takes 
the form of an added current to the system at the same voltage 
as the combination under test. The present tests are more con- 
venient, generally speaking, and much simpler as regards starting 
than those of No. 83. Fig. 88 shows the connections, and the 
apparatus required is much the same as in the preceding method, 
except that the change-over switch G, Fig. 87, is dispensed with. 



The fields F a and Fp can be connected as shown in Fig. 88 
instead of as in Fig. 87 if preferred, and it will then be noticed 
that 87 and 88 are electrically the same when the change-over 
switch C is kept as shown, and an ammeter (a) inserted in one 
of the leads connected to it. The source of supply y, whether 
power mainB or a third generator, must have a voltage at least 
equal to that of either a or ft. Further, the losses in a and jft p 
are measured directly, and are small compared with the output " 
of a and ft ; hence a small percentage error made in measuring 
them will be Very small compared with tho output of a and ft, 
and will have but little effect on the resulting efficiencies. 
When two machines of the same size and type have to bo 
tested, this method is almost always used in works for deter- 
mining their efficiency and heating on a full-load time test. 
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Observations. — (1) Connect up as in Fig. 88 and set all the 
instruments to zero. 

(2) To start up, put h\ full in and cut out It 2 to short circuit, 
so that the fields F a and Fp are as nearly as possible of equal 
and maximum strengths. Then close S and slowly cut out Jl v 
when the machines will start up as two similar motors in 
parallel on no load. The ammeter A will now read about half 
that of («) because a will be taking about half the supply 
current. 

(3) Now weaken the field Fp of the machine /3 by slowly 
increasing i/ 2 , which will cause it to run faster and act as a 
motor, driving a as a generator. The reading of A will simul- 
taneously fall, while that of (tt) will remain nearly constant; 
and when A becomes zero, the voltage of a will have reached a 
value just balancing that of the supply y, and (rt) will indicate 
the current required to run a and /? together at 0 load. 

On still further increasing J\ 2 the current through (d) will bo 
reversed, indicating that a is now commencing to supply, instead 
of receive, current. 

Note - For this reason A should be either of the moving soft 
iron needle type of instrument, or of the moving coil permanent 
magnet type connected in circuit through a reversing switch, 
otherwise a central zero mo\ing coil type must be used. 

(4) Take a series of load curronts, as indicated on (A), differing 
by about equal amounts between 0 and the fud-load value for 
either machine by still further increasing /i* 2 —noting the read- 
ings of all the instruments and the speed at each load, V bnng 
constant at about normal voltage. 

Note.— This circulating current A between the machines a 
and ft will increase with the difference between their field 
strengths; and the limit is reached when tho combination of 
a large current in the motor armature, and its weak field and 
high speed, causes excessive sparking. 

Tabulate your results as follows— 
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Name . . . Date . . . 

Machine a : No. . . Type . . . Normal Output «... Volts «... 

Amps = . . . Speed = . . 

,, p No. ... Tjpe . . . Noiiual Output ■» . . Volts = . . . 

Amps. = . . . Speeds* . 


Speed 

in 

r.p.m. 

Genmtoi (a). 

Cm rent 

Input into 
Motor p 
(A + a)F. 

Efficiency of 

Aihjh 

(A). 

Volts 

(n 

Output in 
Watts 

from 
Mams 
(a) Amps. 

Combination 
Ai : A . 

Either 

Machine 


IF — A. V. 


i 1 . A hi 

K sb» VAj. 

1 . . 



I 


1 


(5) Plot curves having values of E and E l as ordinates, with 
]V as abscissse. 

Inferences. — What errors, whether small or large, is the 
method liable to, and on what does the accuracy depend 1 


(85) Measurement of the Commercial Effici- 
ency of a Generator by means of a 
Transmission Dynamometer. 

Introduction. — This method of measuring the efficiency of an 
electrical generator, namely, by means of a transmission dynamo- 
meter, can ho applied to a direct current generator equally as 
well as to an alternating current one. As, therefore, the 
application of the method to each of these two great classes of 
machines, to form two separate tests, was considered superfluous, 
preference was given to its application with an alternator, in 
that the output of a direct current generator is at once given 
by the product of the volts and amperes, while that of an 
alternator may present some difficulty to obtain accurately, tho 
reasons for which are carefully explained. The actual measure- 
ment of the driving power by the dynamometer i3 obtained in 
precisely tho same maimer no matter what generator is being 
tested. 

There are many different methods of finding the commercial 
efficiency of an alternator, depending in somo cases on whether 
the armature rotates or is stationary, on the capacity of the 
machine, and on the facilities at hand for testing. In all cases 
the commercial efficiency = “ mean ” useful power developed -5- 
total power absorbed by tho alternator, the latter being = power 
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applied to tho pulley to turn it + the power used in exciting. 
The mean or true powor developed is easily obtained if a non- 
rinductivo resistance, such as a bank of glow lamps or water 
rheostat, is at hand which will carry tho full load current of the 
machine, for then the true power amperes x volts. This will 
not be true if tho resistance is inductive owing to tho “ phase 
difference ” between the current and voltage. For such a case 
the truo power may bo obtained by a non-inductive Wattmeter 
or the 3-voltmeter method (p. 379), etc. Tho power applied at 
tho alternator pulley to drivo it is very commonly obtained by 
indicating the cngind, especially in largo “ sets." In the present 
caso a transmission dynamometer is used to measuro this power. 
It is of the spring typo, and the means for recording the 
readings of it were devised by Prof. W. Stroud. Tho indications, 



which are recorded electrically, represent tho nett pull, or 
difference of tensions in tho two sides of the belt in lbs. Then 
knowing the speed of the alternator and tho diameter of its 
pulley, tho H.l\ can at oneo be deducod. For a full and 
detailed description of tho dynamometer, see Appendix, p. 625. 

Apparatus.— Alternator I) to be tested ; transmission dyna mo- 
motor complete with its indicating galvanometer G (p. 625); 
tachometer, a-c ammeter (A) and voltmeter (T) ; l) - G am- 
meter (a ) ; switch S ; and non-inductive resistance or bank of 
lamps R (p. 598); exciting circuit containing ammeter (a), 
rheostat r (p. 599), switch and exciting E.M.F. E. 

Observations— (1) Connect up as shown in Fig. 89, and see that 
all lubricators in use feed slowly. Adjust tho secondary E.M.F. 
(p. 629) for use with the dynamometer, so that when placed 
directly across tho terminals of G, a full scale deflection is 
produced. Then insert it in its proper place. 
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(2) With the alternator belt on the loose pulley on the 
counter-shaft, start tho motor which drives this shaft, and. 
note the mean deflection on G for different speeds. If this' 
is appreciable it must bo deducted from each of the readings 
which follow. 

(3) Now throw the belt on to the fast pulley so as to start 7), 
and without S being closed or the field excited, again note the 
mean deflection on G for different speeds. 

(4) Adjust the speed of 1) to give normal frequency and the 
excitation to give normal voltage on V. Note the reading of G, 
with S still open. 

(5) Close S and repeat 4 (keeping the speed constant) for 
about ten different load currents on A } rising by = increments 
to the maximum permissible by varying (It). 

(6) Repeat 4 and 5 for frequencies of 40/ and 75% of tho 
normal respectively, and tabulate as follows— 

Name . . . Daik . . , 

Alternator— No. .. . Maker... Normal output =.. . Waits at.. . Revs peini n. 
Resistance of exciting coils (i) = . . . olims. Duuueioi of nitomatnr jmlli v if - ... ft. 

„ „ arinatme(narui)r.i - . . . „ Circuinfeiem'o „ „ jrtl=...ft. 


Is 

■gE* 

Is, 

M 

Frequency 

per sec. 

Deflection 
on G. 

SJ 
*1? 
'A t 

SSA 

wo? 

Total U.r. absorbed 
Ih 

(T-l) irtllf a-r 
~ ' 33000 " + 740 

Output. 

i . a . 

75 H li 

Commercial 

efficiency 

- ,oo 5*- 



_ 





_ 

.... 


1 


(7) Plot curves for each speed having A and useful II. P. 
developed as abscissas, and V and efficiencies as ordinates 
respectively. Also between II. P. developed as ordinates, and 
II. P. required to drive as abscissae. 

Note. — The nett pull of the bolt in lbs. must bo obtained 
from the deflection of G with roferenco to tho latest calibration 
curve of the dynamometer. 


The Testing of Continuous and Alternat- 
ing Current Electro-Motors. 

General Introduction. — Since the production of the electro- 
motor in its more practical form within recent years, tho uses 
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to which it has been applied, for the electrical driving of work- 
shops, haulage, electric traction, etc., etc., have assumed such 
* proportions as to mako the different forms and types of electro- 
motor at the present day multitudinous. The systematic testing, 
therefore, of such maehinos becomes of considerable importance, 
in order that a comparison may bo obtained and a judgment 
formed of the weak points of any paiticular type, together with 
its performance and qualities (whether good or bad) which it 
possesses. 

No motor, least of all one intended for electric tram and 
railway work, should loavo the makers’ works or bo installed in 
its proposed occupation without being first thoroughly tested for 
4 the following points — (a) Resistance, or conductivity of its 
electrical circuits ; (b) Insulation resistance between earth or 
framework of the machine and tho coppor circuits both indi- 
vidually and collectively; (c) Brahe horse-power ; (d) Efficiency; 
(e) Heating , or rise of temperature of the various parts of the 
machine after a run at full load for a specified time. These tests 
wo may now consider more in detail. 

( а ) Copper Resistance. — That of each of the copper circuits 
should bo separately measured, by the Wheat stone Bridge in the 
ordinary way (p. 81) in tho case of tho shunt coils or other 
circuit of several ohms, and by tho Potential Difference Method 
(p. 84) or voltmeter and ammeter method (p. 86) in tho ease of 
the armature and series coils or other low resistance. 

(б) Insulation Resistance. — That of the various parts can bo 
obtained byTestsNos.43 and 49 (pp. 113, 139) or other convenient 
method, at a pressure of something like throe or four times the 
normal working pressure of the machine. The insulation resist- 
ance of the machine as a whole, when tested at the normal 
voltage, should not be less than 2000 ohms per volt, whence, of 
course, that of the individual coils or circuits will be much 
higher. Some makers merely test tho separate parts under a 
pressure of 2500 to 5000 volts alternating, and if they stand this 
they are passed as satisfactory. This pressuro can conveniently 
be obtained by means of a small testing transformer, stepping 
up from, say, 100 to 5000 volts, carefully set fuses being placed 
in circuit to prevent damage should the insulation break down, 

(c) Brake Horse Power. — This may be measured in one of 
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throe ways, depending on the facilities 
at hand for testing; namely, by an 
absorption dynamometer, in other words, 
a modified form of Prony braJke, by the 
“balanco” or “cradle” method, or 
lastly by the electrical method. The 
last two methods will bo described in 
conjunction with their application to 
tests which follow later on, but wo will 
now consider the principle involved in 
tho first-named method, reserving the de- 
scription of some convenient forms of 
brakes until later. It will be sufficient 
if wo consider the principle of the 
simplest form of brake, consisting of a rope or band ctbc, of 
diameter or thickness (d), lapped with any arc of contact 6 (in 
circular measure), from a fraction of a turn to more than ono 
turn, over tho face of tho motor pulley P, having a radius ( r ) 
and which rotates wo will suppose counter-clockwise, as indi- 
cated in Fig. 90. To ono end c is attached a large weight 
IF, and to tho other (n) a small ono w. Now when the pulley 
P is at rest, IF= tension on the right-hand or “tight” side of 
the rope, whilo w = the tension on the left-hand or “ slacker ” 
part of the rope. Then, as P rotates, the couple or torque T, 
duo to the force of friction between the rope and surface of tho 
pulley, tending to resist motion, and against which the motor 
does work, is — • 

T= ( IF- w)(r + ^l) pound feet, 

where (IF and iv) aro in lbs. and (r and d) in foot, (JF-w) 
being the difference in tensions or nett load on the brake in 
lbs., and (r-f \d) the mean effective radius in feot (of pulley 
and rope togethor) at which the nett load acts. If (n) = number 
of revolutions per minuto made by P, then 27r?i-rG0 = w, the 
angular velocity of the pulley, and the work per second, or the 
rate at which work is done by tho motor on the pulley = <oT. 
Hence we have— 

H.P. developed = ( IF - to) (r + \d) 27r?t — 33,000, 
where 1 H.P. is equivalent to 33,000 foot-lbs. per minute. 

All the power thus moasured and appearing at the pulley is 
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wasted in heating this latter, and herein lies one of the chief 
difficulties in testing larger li.P.s, namely, the getting rid of 
the heat so generated by friction, for not only is the heat liable 
to burn the rope in two if tho power of the motor is sufficient, 
but it also affects the co efficient of friction (jx) between the 
rubbing surfaces, thereby causing tho brake to jerk and prevent- 
ing any steady readings being taken. 

To obviate this trouble, either the pulley must be water-cooled 
(see p. G33), or readings must bo taken immediately after adding 
a weight, and then the weight released from the rope. The 
trouble is further intensified by the motor running at such fast 
speeds, which is common to this typo of driving power. By a 
slight modification of this form of brako, viz. substituting a 
spring balanco for (w), the brake becomes automatically self- 
regulating for variations of /*, for then if /a suddenly increases, 
W rises, and (?«), which now is the spring-balanco reading, de- 
creases, therefore W-w increases and restores tho brake to its 
first position. Tho coefficient of friction fi can bo calculated 
th us- 

Let 0 = arc of contact (in circular measuro) between cord and 
W 

pulley, then — = d 10 

'to 

whore c = base of the Napierian logarithms 2 71828. 

Tho friction surfaces (in contact) of the br.iko should bo as 
largo as possible, in oidor to readily dissipate the heat generated. 
Mr. Maw gives tho following rulo for finding the smallest 
dimensions of a brake pulley: if H.P. = horsepower to be 
measured by tho brake, and v = peripheral velocity of tho pulley 
in feet per minute, aud (l) = width of rubbing surfaces in contact, 

measured axially, then must not be less than 700. 

(<7) Efficiency. — This can at once he obtained if the electrical 
II.P. absorbed by tho motor for a given II. II.P. is known. If 
A amperes as read off on tho ammeter is passing into the machine 
at a P.l). of V volts read on the voltmeter placed across the 

A V 

terminals of tho machine, then the input or E.1I.P. = 
where 1 H.P. = 746 Watts. 

Hence the commercial efficiency rj = = E H~P 
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( 0 ) Heating. — This may bo limited by specification or the 
question of safety to the conductors, and also considerations of 
overloading. It is not advisable that the rise of temperature of ' 
any part of the machine should exceed 40° C. above ihat of the 
external atmosphere after a six hours’ run on full load. The 
temperature can oe obtained by placing the bulb of a thermometer 
on the part to be tested and covering it over by some cotton 
wool. This can only be done to the armature at the moment of 
stopping, and it will here bo noticed that a sudden rise of surface 
temperature occurs in the armature at the moment of stopping, 
due, of course, to the ceasing of the ventilating action which 
goes on while it is rotating (see p. 216). 

(86) Variation of Speed with Voltage across 
the Armature of a D.C. Electro-Motor 
(at Constant Excitation). 

Introduction.—' This is an important test, in that it will 
familiarize the student with the fundamental principles under- 
lying the regulation and control of motors. It can bo carried 
out on a scries, shunt or compound-wound motor, so long as the 
corresponding change in the connections and means for main- 
taining constant excitation are made. As, however, the same 
result is obtained with each type of motor, wc shall operate the 
test with the simplest type, \iz. the shunt motor. 

Note.— In a series motor the field regulating resistance, at 
least equal in \aluc to the resistance of the series coils, must he 
shunted across them ; whereas in shunt and compound motors it 
is connected in series with the shunt coils, and lias a resistance 
and current-carrying capacity at least equal to those of the 
shunt coils. 

Apparatus.— Shunt motor, of which M is the armature and 
F the field ; main circuit variable rheostat 7?, ammeter A, and 
switch each capable of dealing with the full-load current 
of M; voltmeter V and supply mains M 1 M 2 of voltage E each 
for the rated voltage of M ; field rheostat (?■) and low-reading 
ammeter (a) ; tachometer. 

Observations. — (1) Connect up as shown in Fig. 91 and adjust 
the pointers of V, a, and A to zero if necessary. 
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(2) With ( r ) all out and R full in, closo S and gradually cut 
R out to short circuit aa M gains speed, then adjust (r) to get 
normal speed (n). Note the readings of V , A, ami a, which 
last-named must now bo kept constant throughout the test by 
varying (r). — (See that tho lubrication of M is working). 

(3) With the motor still running light as in (2) above, vary R 
so as to obtain some eight different speeds (n) in about equal 
steps between 0 and the normal, and note the corresponding 
readings of V, A , and a ( a being kept constant throughout). 

(4) Repeat (3) with the motor running at full load (if arrange- 
ments permit), and for the same value of constant field current 
(a) as before. 

Note. — The loading-up of motor can most conveniently be 
effected by means of an eddy-current brake or by taking any 
desired output from a coupled generator. 



(5) Repeat (3) and (4) with, say, half the previous excitation 
maintained constant and tabulate all your readings as follows— 

N . . . Dais . . . 

Motor No. ... Tjpo . . . Armature Itcs. r . . . ohms . . . 

Full Load:— 13.11. P. «■ . . . Volts « . . . Amps. «... Exciting Amps. *=■..• 

R p.in. «... 


Motor 
iimidiig 
Li,ihl or 
Loaded. 

Supply 

Yolls(K) 

on 

Armature. 

Rack 

E M.F. 
o--V-A.y 

of 

Armature. 

Ann a hue 
Amps. {A). 

Constant 
Field 
Amps. 
Used (u). 

Aniiatma 
Speed in 
R.p m. (n). 

Calculated 
Rut 109 . 

« 

V 

n 

V 

u!e*j 











(G) Plot to tho same pair of axes, curves having speed (n) as 
ordinates with values of V, A, and 
as abscissse. 

Inferences.— State clearly what you can deduce from the 
table of results and curves, and show how they can bo applied 
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to the design of a main circuit current rheostat for controlling 
the speed of the motor. 


(87) Variation of Speed with Excitation in a 
Direct Current Electro-Motor (with Con- 
stant Supply Voltage on Armature). 

Introduction. — The reader should peruse tho introduction of 
tho last test, the remarks in which apply to the present test 
also. In addition, it may bo pointed out that when tho motor 
is running light the back "R.M.F. will remain nearly constant, 
since the power required to drive is usually very small, and is a 
(F-v), consequently the increase of speed will be almost inversely 
a to decrease of field strength. 

Apparatus. — That required for the present test is precisely as 
detailed for the last one, and need not be repeated again here. 

Observations.— (1) Connect up exactly as shown in Fig. 01 
of the last test, and adjust the pointers of V, a and A to zero if 
necessary. 

(2) With (/•) all out and 11 full in, close S and gradually cut 
R out as the motor gains speed, until V reads the normal 
voltage of tho motor; then adjust (/■) to get normal speed. 
Note the readings of A, a and V, which last-named must now 
be kept constant throughout the test by varying R (see that the 
lubricating arrangements of the motor M (Fig. !)1) are working). 

(3) With the motor still running light, as in (2) above, vary (r) 
so as to obtain some 8 speeds (//), differing by about equal steps 
between 0 and the normal value, and note the corresponding 
readings of A, a and V (V being kept constant throughout). 

(4) Repeat (3) with the motor running at full load (if arrange- 
ments permit), and for the same constant value of V as before. 

Note. — The most convenient way of loading up M (Fig. 91) is 
by means of an eddy current brake, or by taking the required 
output from a coupled generator. 

(5) Repeat (3) and (4) with, say, half the previously normal 
value of supply voltage V across the armature, maintained 
constant, and tabulate as follows — 
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Name . . . Date . . . 

Motor: No. . . . Type . . . Armaturo Eos. (r) — . . . oliins. 

Fuld Coil Era. (>)=... o'lms. 

* Full loud : 11 II.P.- . • . Volta.= . . . Amps.™ . . . Field Ampt. =* . . . H p.m. »=*... 


Mulor 

Aiiimtuie 



F.eld (liiiri iit(a). 

running 
light cn 
loaded. 

Supply 

Yulth 

V (const.) 

Amps 

A 

Speed 

(»)• 

lucid Flux 
"• 1/d. 

A’/«. 

A ace tiding. 

Descending 



f 


1 

' 

! 



(f>) Plot to the same pair of axes, curves having speed (a) as 
ordinates with values of (/l), (a) and {supply voltage across 
3\1jM 2 .’ a) as abscissa*, and between 1/a as ordinates with (a) 
as abscissa*. 

Inferences. — State clearly what can be deduced from the table 
of results and curves, and show how these can be applied to the 
design of a field regulating rheostat for controlling the speed of 
the motor, 

(88) Variation of Voltage, Current, and Speed, 
with position of the Brushes around the 
Commutator of a D.C. Machine at Con- 
stant Excitation. 

Introduction. — Although the usual practice now is to design 
D.C. generators and motors with a fixed diameter of commuta- 
tion and immovable brush-bars, special cases are met with in 
which provision is made for moving the brushes through con- 
siderable angular space round the commutator. As is well 
known, the terminal voltage of a generator and the speed of a 
motor is each capable of variation by moving the brushes, while 
a motor can even be stopped and reversed by so doing. In fact, 
where the variation of voltage or speed required is not large, 
it can be obtained by brush movement without expensive field 
regulators and without altering therefore the field strength —a 
feature which is sometimes valuable, while most machines will 
admit of quito an appreciable brush movement without much 
sparking, when running light, such is not the case when they 
are running on load, so that the scope of this test may be limited 
by the amount of sparking. Further, it will be found easier to 
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apply the test to a motor than to a generator, and we shall 
therefore operate the present test on a motor. 

Apparatus. —Shunt motor, of which M is the armature and F 
tho field; main circuit variable rheostat (R ) ; ammeter A, and 
switch S } each, capable of dealing with the full-load current of 
M ; voltmeter V and supply mains M t J/ 2 of voltage E at least 



Fio. 92. 


equal to the normal for M; field rheostat r and low reading 
ammeter (a); tachometer and, if possible, some scale for indicating 
the angular motion of the brushes round the commutator. 

Observations.— (1) Connect up as in Fig. 92, adjusting (F) 
(A) and («) to zero if necessary, and (R) to a value not less than 

the Ratio ohms, so as to prevent tho full-load 

full-load current 

motor-current being exceeded if the armature comes to rest or 
its speed increasing too rapidly as the brushes are moved. 

Note. — This value of II will be given by blocking the armature 
and with normal excitation, noting the value necessary to give 
full-load current on A. 

(2) Start the motor either by using the ordinary “Starter," 
or by (R) temporarily increased before closing S, and then 
gradually cutting out R until normal speed is reached--#/^ 
brushes being in the normal fall-load running position , and the 
excitation adjusted to normal full-load value. 

Now note the values of V , A and (a), and tho speed. ^ 

(3) Next keeping (a) constant at the above value, adjust Rf 
to the minimum value allowable and found in obs. (1), and note 
the readings of V, A and speed for normal position of brushes 
(as in obs. 2), and for a series of different positions throughout 
an angular distance = \ the polar pitch either side of their 
normal position. 

(4) Repeat (3) at the nearest B.U.P. load to full load which 
it is practicable to run at, and tabulate as follows — 
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Name . . . Pnto . . . 

Motor: No. ... Tjp® . . . 

Full load B H.P.sa . . Ampi.a> . , Volta = . . . Rpm. =» . . . 
At mature Resistance r a «=» ohms. Normal Evcitntiou =■ amp*. 


Position of 

Bi usht 8. 

Speed in rei s. 
per mm. («). 

Armature 

Bilk 

E.M.F (6) 
V-A* a 

Field Strength 
« e/n. 

Volls V. 

Amps. A. 


1 




1 


(5) Plot curves on the same axes having values of brush 
position (normal as origin) as abscissae with values of <?//*, V, A 
and speed respectively as ordinates. 

Inferences. — State clearly what can be deduced from tho 
results of your test. 


(89) Efficiency and B.H.P. of Direct Current 
Series Wound Electro-Motors. 

Introduction. — The seiies motor in general possesses some 
characteristic features which it may be well hero to note in view 
of tho prominent placo this type of motor has, and still is, taking 
in electric traction and power work generally. Since it can bo 
shown that U 10 torque 2 7 of the motor is given by the relation — 
T JJ> YA a^ ( W t E-e._CN E-CXn 
2ir 2 tt r a 2ir r a 

where C — number of armature conductors all round, 

N -= number of lines threading tho armature or the useful 
flux, 

A a ~ number of amperes of current through armature, 

E and e = impressed and back K M.F.s of the mains and motor 
respectively, 

n - speed in rovs. per second, 
and r a — resistance of armature circuit. 

It will be at once evident that tho torque exerted is a maximum 
at starting, i.e. when n = o, and that it varies as the armature 
current A a , since A - also varies as A a . 

Again, when the motor is “running light” at its maximum 
speed T= 0 nearly, for then the back E.M.F. generated almost 
- that of tho mains E. 

Thus a series motor tends to race directly the load is 

R 
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suddenly removed, which is an undesirable feature for workshop 
driving. 

The fact that T= maximum at starting, and that the motor 
will start on full load, is a most valuable property for traction 
work on tram and railway lines. 

In tho following Fig. and all after it, the motor is represented 
symbolically, (a) denoting the armature, commutator, and brushes, 
and FM the field magnet coils, which in this case, being series 
wound, are represented by a few curly lines. 

Apparatus. — Electromotor (scries wound) to be tested, fitted 
with an absorption dynamometer or brake (Fig. 295) ; ammeter A ; 
voltmeter V ; variable rheostat R (p. 606); switch S\ battery 
or dynamo B y giving the requisite voltago needed for the motor, 
and speed indicator and set of half-pound and one pound weights 
for the brake, also a lubricant if necessary. 

Observations. — (1) Connect up as indicated in Fig. 93, and 
adjust the pointers of A, V, and tho tachometer to zero if 

necessary. See that all lu- 
bricating cups in use feed 
slowly and properly. 

(2) See that R is at its 
full, then carefully remove 
the brake from tho pulley 
and close S. Take a series 
of gradually ascending and 
descending observations (by 
varying R) for about ten 
different speeds, ranging by 
about equal intervals between tho lowest readablo on the taeho- 
metef and the maximum safe speed for tho motor, noting this 
speed and the corresponding values of A and V at each. 

(3) Replace the brake and repeat 2 for no weight in the 
pan. From 2 and 3 the loss in Watls in the brake can be 
found. 

Note. — It will probably bo necessary to exert a very small 
pressure by the finger on tho brake in 3 to prevent it being 
carried round as tho pulley rotates. No appreciable error need 
be introduced due to this. If a form of brake is used in which 
no loss of power can occur other than that incidental to its 
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use when actually measuring power, then omit obs. 3 and also 
the last seven columns in tho next table, and substitute a 
column headed AjVj watts to run motor at no load. 

Tabulate your results as follows — 



(4) With the brake carefully roplaced on the pulley and tho 
smallest weight in tho scale pan, close S and by varying R adjust 
the speed to the lowest convenient. Note this and tho reading of 
V and A simultaneously, and the weight. 

(5) Repeat 4 at tho same constant speed for ten or twelve loads 
or weights in tho pan, ranging from tho smallest to that which 
will cause the current to rise to not more than 25% over normal. 

(G) Repeat 4 and 5 for the maximum allowable speed and an 
intermediate one, each constant throughout, and tabulate your 
results as follows— 

Namk . . , Datk . . . 

Motor tested : No. ... Tjpo . . « Mnkcr . . , Weight . . . 

Resistance: Armatiuer,, «... ohms. Series coils r a = . . , ohms 
Effective jodius of Brake pulley and hand r «... ft. 

Normal B.IT.P. =» . . . Amps. «... Volta «... Speed = . . . rovs. per min. 


Speed 
ltovs. 
per min. 
<»). 

Weight 
m Pan 
W (lbs.) 

Lesser 
Weight or 
Spi ing 
balance 
reading 
« (lbs!) 

Nelt 

Torque T « 
<»'-«■) r 
(pound feet). 

Volts 

v* 

Amps 

a 3 . 

Total II.P. 

Commercial 

Ellleiency 

J£wx 

absorbed 

746 J 

developed 

//l= 

2»rn T Jfr ji 
3aooo + 74(. 











Note.— The true H.P. developed = II. P. calculated + IT, P. lost 
in brake itself. 

(7) With the brako removed from the pulley and R full iD, 
close S and obtain the maximum speed allowable. Note this and 
also simultaneously tho amperes (A 4 ) and volts (F 4 ). 

• (8) Roplaco the brake and add weights to the pan so as to 
obtain abwt ten different loads to the point when the largest load 
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stops the motor. Note the current d 4 and speed («) at each, the 
volts V i having been kepi constant by altering R to suit the load. 

Note. — Tho current should not exceed about 40% above the 
normal. Tabulate your results as above. 

(9) From observations 2 and 3 plot the following curves between 
(«) Volts V l as ordinates and the corresponding speeds (n) 
as abscissa}. 

(b) Brake loss IF,, as ordinates and the corresponding speeds 
(n) as abscissa?. 

From observations 1-6, plot for each speed curves between 

(c) Efficiency and current as ordinates and corresponding 
B.Il.P.s as abscissa). 

/I 


h 

0 f d Speed 

Fra. t>l 

From observations 7 and 8 plot the following curves between 

(d) The speed in each case and E.H.P. input, B.1I.P., and 
efficiency. 

(e) The, speed and current as ordinates and torque as abscissae. 
(10) Calculate the coefficient of friction (p) between the brake 

band and pulley for various loads and for the arc of contact 
employed. 

From the curves 9 (d) deduce the relation between the speeds 
that givo maximum efficiency and maximum B.H.P. respectively. 

Inferences. — Stato very clearly all the inferences deducible 
from your experimental observations. Explain fully the curves 
obtained in 9 (d) above. 

Note. — The general form of the curves (rf) 9 above are shown 
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in Fig. 91. The diagram duo to Mr. Kapp is an exceedingly 
useful one for seeing the relative II.P.s and efficiency. OcB is 
'the B.1IP. curve, OaB is the efficiency curve, and Abh is the 
EII.P. (input) curve. The shape of this last varies with the 
type of series motor run off constant potential mains. The ordi- 

cd 

nates, such as (ad), of tho efficiency curvo OaB= ^ at this and 
similar points to any arbitrary scale of ordinates. 

(90) Efficiency and B.H.P. of 500 Volt Direct 
Current Series-Wound Tramway Motors. 

Introduction. — The particularly heavy and trying work which 
a tramway or railway motor has to perform renders it all im- 
portant to subject the machino to tho most searching tests for 
defects or other faults at tho outset. Such tests are twofold — 

, (1) A complete test of tho motor at tho works of tho makers 
and again when fixed to tho car. 

(‘2) A test of its performance when driving the car on some 
approved route on the system. With regard to this case, the 
worst route of tho whole system is chosen, i. e. one having the 
steepest gradients and sharpest curves. 

The car is loaded with an artificial load, such as sand bags, for 
instance, equal to the full load of passengers which it is intended 
to carry. It is then run as continuously as possiblo along that 
route with fivo-scconds stops every five minute i for say two hours. 

This test is considered satisfactory, if, at tho end of that time, 
all has gone on satisfactorily and the tempeiaturc of the arma- 
turo and commutator of the motor has not rbon above the 
prescribed limit. 

Next, with regard to the “ Works Tests.” Besides tho efficiency 
test at various loads, tho motor should be run at tho average 
speed it will ruu at in practice, say that corresponding to eight or 
nine miles per hour of tho car, for four to six hours at the 
maximum load which the motor is intended for. 

Except in the case of electric railways, where the car or 
engine axlo is direct driven, single reduction gear between motor 
and car axles is almost universally employed of between 4 75 nud 
4*86 to 1. 
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The sizes of tramcar wheels are usually either 30 inches or 
33 inches in diameter. The remarks mentioned in the Introduction 
of Test 89 should be carefully read and remembered, when the' 
performance of the motor on test will at once be obvious. 

Caution . — The operators of the controlling rheostat switch-gear , 
etc., must stand on the india-rubber mat j/rovided, and must on no 
account touch any live meted work on the circuit of the 500 volt 
generator and tramway motor. 

Great care must be taken to insure that the rheostat in the main 
circuit of the motor is full in before closing the main switch , and also 
that it is at once re-inserted before pulling out that switch on stopping. 

The apparatus and connections of the preceding test are those 
now to be obtained, and the observations, as there given, to be 
carried out. In addition to curves 9, a—e, plot two on the same 
curve sheet, having speed as abscissie, and both torque and 
amperes as ordinates. 


(91) Relation between the Starting Torque 
and Current in a D.C. Electro-Motor. 

Introduction. — It is very instructive to compare the results 
obtained in applying the principle of the present test to series, 
shunt, and compound wound motors, but it may also bo applied 
to alternating current motors. Tho torque or turning effort by 
the armature 011 its shaft, measured in terms of a pull, acting at 
a given radius or leverage from the shaft centre, and tending to 
turn it, is expressed in pound-feet, usually, in this country. In 
a motor it results from the inter-action of tho field magnets 
and tho field of tho armature as set up by the currents flowing 
through it, and is a to the product of these two field strengths. 

If C — the number of effective conductors on the armature ; 
iV =* tho effective magnetic flux cut by them or flowing in 
the core; 

A — the armature current ; 

then it can be shown that the torque (T) is given by the 
relation 

ON 

8-52 X 10* 


T 


X A. lb. ft. 
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an expression independent of the speed of the motor. 

. 4 . T a armature current X field flux « AN. 

In a series motor, the field flux N will vary as A varies, up 
to the point of magnetic saturation of the field magnets, when 
it will be practically constant. Any further increase in A will 
give the relation 

T a A. 

This also holds for a shunt motor, in which the field excitation 
is practically constant and near saturation. 

In a compound or differential motor, however, the shunt and 
series windings oppose each other magnetically, and hence on 
starting it may happen that they nearly balance, thus giving 
practically zero starting torque. 



In capstan, windlass, and all traction work, maximum torque 
is required on starting; and since the series motor fulfils this 
condition and is exclusively used for the purpose in D.C. work, 
we will consider this typo of motor to be the one used in tho 
present test. 

Apparatus. — Series motor M to be tested on a suitable D.C. 
supply E; brake-blocks B with yard-arm L and spring balance 
TP- ammeter A ; switch S\ and variable current rheostat II. 

Observations.— (1) Connect up as in Fig. 05, setting A and W 
to zero if necessary. Clamp B B to the pulley of tho motor so as 
to prevent slipping (rotation), and with the yard-arm horizontal. 
Attach the spring balance W at a measured distance L from tho 
pulley centre. 

(2) With R full in , close S t and adjust R so as to give some 
ten currents through M and A differing by about equal amounts 
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between 0 and the full-load current of J/, noting the readings of 
W and A at each. 

Note. — The connections of field F and armature of M must 
be such that the latter tends to turn in the direction shown. 
Also the yard-arm may have an equal overhang as shown, or 
be otherwise balanced when horizontal. 

Further, as there will be a good deal of static fiiction at the 
motor bearings, the armature should be rotated by hand a few 
revolutions before attaching B B } so as to well oil tho journals; 
and even then the mean of several readings of IF, taken for each 
value of A by disturbing the position at which (Z>) rests, by the 
hand. 

(3) Take an ascending and descending series of value of A , 
and tabulate as follows — 


Motor: No. . . . 

Tjpe . . . B.II.P. «... Volt«. « . . . Awp». = . . 

Amps. (A), 

Pull. W (lbs.) 

Tui quo T ** If'./., lb. ft | Vuli.es of AjT. 



\ _ _ i 


(4) Plot a curvo having values of A as ordinates, and T as 
abscissa 1 . 

Inferences. — Point out all that can be deduced from the table 
of results and shape of the curve. 


(92) Efficiency and B.H.P. of Direct Current 
Shunt-Wound Electro-Motors. 

Introduction. — If a shunt motor, supplied at constant poten- 
tial, has a very low armature resistance, high shunt coil resistance 
and field magnets giving a field relatively vory much more power- 
ful than that duo to tho armature, the variation of “ lead ” of the 
brushes will be slight and the motor will be almost self-regulating 
in speed for wide variations of load, i. e. it would run at constant 
speed independent of the torque. Tho falling off of the speed in 
shunt motors as the torque increases will be the less as the field 
magnetism is the more powerful. The brushes, in two pole 
machines, should press at opposite ends of a diameter, and to 
ensure sparkless running must have a “ backward lead.” In all 
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cases the efficiency =* total power given out — total power put in, 
both being reckoned in similar units. The input is easily deduced 
from ammeter and voltmeter readings, but the output is more 
difficult to obtain accurately. In the present test it is obtained 
by means of an “absorption dynamometer,” which.we will assume 
to be the modified form of Prony Brake introduced by Raffard. 
Such a brake wastes in heat all the power given out by the motor 
through friction, but at the same timo forms a measure of this 
power. Tho arrangement is such that the brake automatically 
adjusts itself to variations of tho coefficient of friction betweon 
the rubbing sui faces due to heat. In brako tosts of this nature 
just sufficient lubrication (such as soap and water) and no more 
ensures smooth working without sudden jerks due to seizing, and 
this, togethor with experience in manipulation, is tho secret of 
the success of such tests. 

If (?•)== mean effective radius of pulley and band together in ft., 
n® number of revs, per min , W- weight in lbs. in scale pan, and 
w- weight in lbs. at the slack sido of the pulley ; then the angular 
velocity of tho pulley io = 2irn^ GO, and the couple or torque 
resisting motion T- ( )V- w) r ; then tho work done per soc. = w7 r , 
and tho B.II.P. = ( IF— to) 2irrn+ 33000. 

Apparatus.— Shunt motor (M) to bo tested; voltmeter V\ 
ammeters A and a; rheostats R l (p. 60G) and R. 2 (p. 599); 
switches S 1 and S 2 ; source of current II ; speed indicator. A 
set of ^ lb. and 1 lb. weights are provided with tho brake, 
together with a pump and tank by means of which a slight 
dripping of lubricant may be allowed to fall into the central 
rotating pulley and band. 

Note.— For further remarks on the testing of motors seo the 
“ General Introduction " on the subject, p. 232, et seq. 

Observations— (1) Connect up as indicated in Fig. 90 and 
adjust the pointers of all the instruments to zero where 
necessary. Seo that all lubricating cups in use feed slowly and 
proporly. 

(2) Uncouple the absorption dynamometer from the motor 
shaft. Set RJ1.2 their maximum valuos, and close S 2 , adjusting 
the exciting current (a) to the normal value by means of if.,. 

(3) Closo and take a series of gradually increasing and 
decreasing observations (by varying R x ) for about ten different 
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speeds ranging by about equal intervals between the lowest 
readable on the. taehometor and the maximum allowable for the 
motor in question, at constant normal excitation , noting the speed 
and corresponding values of A and V at each. 

(4) Repeat 2 and 3 for oxciting currents (a) 50% below and 
20% above normal respectively. 

(5) Re-couple the brake and motor together and repeat 2-4 
for no weight in the pan. From 2-5 the loss in Watts in the 
brake can bo found. 

N.B. — It will probably be nccossary to exert a very small 
pressure by the finger on the biuko in 5 to prevent it being 



carried round as the pulley rotates. No appreciable error need 
be introduced duo to this. Tabulate 1 your results as folllows — 


Spcod 
Revs, 
per mm. 
(n) 

E tciting 
current 
Amps. 
00. 

Without I3iakc. 

With liiako. 

Loss in 
Drake yi 
Watts 

w„ = 
W\- 

W l) 

Volts. 

Amps. 

Volts. 

Amps. 

Ascending. 

Descending. 

a 

1 

Ascending. 

j | Descending. 

a 

3 

Ascending. 

Descending 

s 

Ascending. 

sb 

a 

■3 

a 

w 

« 

Q 

w 

N 

a 

cS 

& 

l 




_ 


_ 

_ 







l If s form of brake is need In which no loss of pr>wer win occur other than that 
Incidental to it® une when measuring power, lhen omit obs. fi and also the last 7 columns 
in the above table and substitute a column Loaded Jj V\ Watts to run motor at u load. 

(6) Adjust both the exciting current (a) and the speed (n) to 
the normal for the motor being tested and keep both constant then 
take a series of readings of A s and V s for some ten different loads 
varying from the smallest weight in the pan to the one which 
will give an armature current not exceeding 25% over normal. 
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(7) Repeat 6 for a 50% smaller excitation at the same speed. 

(8) Repeat 6 and 7 for a 50% smaller speed. 

(9) For a constant voltage across the armature maintained by 
means of R v load the brake with different weights, and note 
these and the corresponding speeds and currents through the 
armature at constant normal excitation, and tabulate as follows — 

Name . Date . . . 

Motor ^sted': No. ... Tyre . . . Maker . . Weight . . 

Resistance— Shunt coils r t «... ohms. Armature r a » . . . ohms. 

Effective radius of biake pulley and band r *= . . . ft. 

Cui rent in Shunt coils a g - . . . amps. 


Speed 111 
Kovs. 
por min. 
n. 

WoTght 
in pan 

»r(lbs.). 

Lessor 
weight 
w (ibs.). 

Nelt 

Torque 

r(ir-w) 

pound ft. 

Total 

LI.P. developed 
2rrnT Wjl 
,/ l“33U0Q + 74o 

A 1 mature. 

Total 11 r. 
ubsorbod 
;/ 2 = 

% efficiency 
= 100x^1 

Amps. 

Volts 

v* 

740 











Note. — The true H.P. developed = H.P. calculated + II. P. lost 
in brake itself. 

(10) From experiments 2-5 plot curvos between, volts V 1 as 
ordinates, and speed («) as abscissa), also with brake loss as 
ordinates and speed as absciss®. 

From experiments 6-8 plot curves for each speed, having 
elliciences as ordinates and total H.P. developed as absciss®, 
also between the latter and speed as ordinates. 

From experiment 9 plot the mechanical characteristic curve, 
having speed and current as ordinates and torque as absciss®. 

Inferences. — What can you deduce from tlio results of your 
experiments, especially from observation 9 ? 


(93) Efficiency and B.H.P. of Direct Current 
Compound Wound Electro-Motors. 

Introduction. — Tho Compound Wound motor is an automatic- 
ally self-regulating one for maintaining constant speed independ- 
ently of tho magnitude of the load. 

Without considering tho theory of this regulation, which is 
outside the province of tho present work, and for which tho 
reader should refer to standard theoretical works, it may be 
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remarked that the desired result is obtained by employing the 
series and shunt coils to magnetize the field magnets differentially, 
t. e. while the shunt magnetizes, the series coils de-niagnetize 
This differential compounding results in the production of a nett 
field at any particular load sufficiently greater than what would 
be given by an equivalent pure shunt motor to cause the back 
E.M.F. to rise sufficiently to maintain the speed constant. The 
efficiency of such motors cannot manifestly bo so high as ono of 
the same size which is not wound in this way, since an fcxtra 
amonnt of power is used up in producing the demagnetizing 
force which actually destroys part of the field. 

Apparatus.— Precisely similar to that required for the shunt 
motor test (p. 248). 

Observations.— These are the same as for tho above-mentioned 
shunt motor tost, and will not consequently be repeated here. 

The experimonter should refer to and carry tho present test 
out in the same way, but in coupling up at the onset, care must 
be taken to connect so that tho sories coils oppose the shunt and 
tend to demagnetize the magnets. Exactly similar tabulation 
of results and plotting of curves must bo carried out with the 
inferences doducible. 

N.B. — The applied E.M.F. to the motor should be maintained 
constant. 

(94) Efficiency and B.H.P. of Small Direct 
or Alternating Current Electro-Motors. 
(Cradle-Balance Method.) 

Introduction. — In testing small motors, such as from ^ to -J- 
of a II.P., difficulties present themselves in measuring tho power 
developed by them or tho work which they will do, owing to the 
relatively largo amounts of extraneous friction introduced irj 
applying the usual brake tests. In fact, in the caso of tbo smaller 
power motor, this source of friction would entirely vitiate the 
results and make them worthless. Tho following method prac- 
tically gots over this difficulty entirely, and may be carried out 
in one of two ways — 

(a) The motor to be tested is suspended freely with its arm- 
ature spindlo in centres, or on friction wheels, the field magnet 
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system with its bedplate, etc., being carefully balanced by 
counterpoise eights so as to bring the centre of gravity of the 
system in a lino with the spindle. On the motor being supplied 
with electrical energy, and mado to rotate and do work against 
the friction introduced at the face of its pulley by a stretched 
cord passing once round, the armature roacts on the field magnets 
tending to rotate them in tho opposite direction with a certain 
force. 

If then this action is resisted by a weight or force IF attached 
to the field magnet systom at a level age L , then tho moment of 
this force resisting the tendency, i. e. tho torque, = WL. 

Thus tho arrangement is practically an electro-magnetic dyna- 
mometer in which the magnetic friction between armature and 
field magnets takes the place of mechanical friction in the ordinary 
dynamometer. 

The preceding arrangement of the method has tho disadvantage 
that the weight of the heaviest portion of tho machine is resting 
on the shaft, and consequently there will be a bearing friction 
assisting tlie magnetic pull of the armature on the field. 

A better arrangement in this respect is one devised by Prof. 
0. F. Bracket, which is merely a slight modification of tho pre- 
ceding ono. It consists in fixing the motor in a “ cradle " sup- 
ported freely by knife edges resting on steel or agate planes, or 
on friction rollers, carried in a suitable fixod frame. Tho whole 
suspended system is very carefully balanced by means of counter- 
poise weights so that tho centro of gravity lies in tho axis of 
the motor shaft, this latter having been set in a line joining the 
knifo edges of the cradle. 

A horizontal balanced lover controls tho cradle, the end of it 
either supporting weights or being attached to a spring balance 
Thus it will ho seen that now tho weight of tho armaturo only 
is on tho bearings, and it is boing used under ordinary conditions. 
Tho balanced lever might be graduated and a sliding woiglit used 
to run along it to balance tlie torque, but tho arrangement of 
the spring balance shown in Fig. 285 is the simplest and easiest 
to manipulate. This method lias a further advantage that the 
friction at the journals of the motor does not affect or vitiate tho 
measurement, but in the case of the application to a dynamo it 
should be remembered that it does. It should be borne in mind 
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that a fruitful source of error may arise due to loss of power in 
driving the speed indicator. When small motors ate being tested, 
care should be taken to choose an indicator that is very easily 
driven, and to drive it by means of a spiral or helical spring of, 
say, thin har^-drawn brass. Any eccentricity between the two 
shafts docs not then matter so much as it would if they were 
direct coupled. 

Apparatus. — That required for this test is precisely similar to 
what is detailed under one or other of the preceding methods of 
testing series, shunt, or compound wound direct current motors 
or alternating current single phase motor, according to which of 
these types of motors the ono being tested belongs. In addition 
the cradle absorption dynamometer is needed, for a complete de- 
scription of which see p. 621. 

Observations.— As, with tho exception of the somewhat dif- 
ferent typo of brake herein to be manipulated, tho whole test 
will bo precisely similar to one of the foregoing motor tests, de- 
pending on which kind of electromotor i3 to be tested, the 
rationale of this present test will not be repeated hero. The 
experimenter should refer to tho proper corresponding tost and 
carry out the present one in an exactly similar manner, tabu- 
lating and plotting the results in just tho same way. 

Though the following expression will be found in connection 
with the description of tho cradlo dynamometer on p. 621, we 
may repeat that if W = weight or force applied at the end 
of the cradle lever in order to keep the samo at zero when the 
motor is doing work, and if L *■ distance between its point of 
application and the fulcrum of tho cradle, then the torque exerted 
by the motor = WL = T, and the work it does per sec. « wT 
o 2 mT. 

Whore n = speed in rovs. per sec. — 

IIP. developed = 

Consequently if different tensions are applied on the cord 
wrapped round the motor pulley, causing it to do various amounts 
of work, thereby taking in different currents (A) amps, at dif- 
ferent voltages V, the efficiency of the motor at each load is — 

. II. P. developed 27 mT x 746 

money jjp absorbed 650 x AV. 
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(95) Efficiency and B.H.P. of Direct Current 
Electro-Motors by Swinburne’s Electrical 
Method. 


Introduction. — In the usual brake tests it is difficult and often 
impossible to obtain very accurate results, owing to variation of 
the co-efficient of friction between the rubbing surfaces and the 
resulting jerky behaviour of tho brake. The advantage of any 
method, therefore, of measuring the input and output of a motor 
by solely electrical means will at once be apparent, as it is possible 
to obtain much more accurate results with such a method. 

The present method, which is purely an electrical one, is due 
to Mr. James Swinburne, and is sometimes termed the “ Stray 
Power ” method. Tho principle of it and all similar methods is 
based on the fact that 

Total Tower given out = Total Tower put in - Tower lost 
internally, or in symbols, W 0 = IF/ - W L \ where tho suffixes 0 , /, 
and L denote the output , injmt, and total losses in "Watts (IF) 
respectively. 

We thus at once obtain the commercial efficiency of the motor 
.uir® Wj - w L 
V, ~ I v, ' 

The input in Watts IF/ given to tho motor is at onco obtained 
by the product of tho volts and amperes of the supply. The total 
loss )V h in Watts we will consider now more in detail, and which 
in any machine is made up as follows: (a) the coppor losses L c in 
armature and exciting coils duo to heating by tho passage of 
curront, and which can easily bo calculated when the currents 
and resistances aro known ; (6) tho friction losses L F due to air 
churning, journal and brush friction ; (c) magnetic frictions or 
iron losses L m duo to eddy or Foucault currents and magnetic 


Hence total intornal loss W L = Lc -f- X/ "|* L mi and to the 
sum ( L F + L m ) Mr. Swinburne has given the somewhat 
appropriate name of u Stray Power.” The copper losses are 
calculable as follows — 

Let 0 = total current flowing into the motor from the supply, 
and lot R a , It m and R sh be the resistances of tho armature, series 
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coils, and shunt coils respectively of any motor of which 7?^ can 
1)6 measured by a Wheats! one Bridge, and 7? rt , R se by the 
“Potential Difference” method (p. 84) or ammeter and voltmeter 
method, p. 86. Then we shall have for a 
Series motor L c = C 2 (R„ + 7? w ), 


Shunt motor L c - + ( C - — ) R a , where V = normal 

Jhh \ Kw 

working voltage, 

Compound motor (long shunt) 

Compound motor (short shunt) 

Tho remaining losses, i.e. the stray powor (Lp + /),„), can 
readily bo obtained by running the motor at no load, i.e. with no 
other load than its own frietion, eddy currents and hysteresis, at 
normal excitation of the field. Then we have 

(L F + L m ) = A V a - A 2 r tl = Stray Power, 
where A now = current flowing into the motor armature at 
voltage V a across tho armature, and A' 2 r„ is the copper loss in the 
armature occurring for this current and voltago. 

Note. — Only quite a small current at the normal voltage of the 
motor is required to be furnished by an auxiliary source of E.M.F., 
and if R a is very small, A 2 r„ can bo neglected in comparison with 
A V n in this last formula. 

Apparatus. —Motor M to bo tested, which for purposes of 
discussion merely we will assume is shunt wound ; voltmeter V ; 


Sh 



Fm. 97. 


low reading long scale amme- 
ter A ; rheostat R (p. 606) ; 
tachometer; complete Wheat- 
stone Bridge set (W.B.) ; two- 
way voltmeter key K (p. 587) ; 
switch S 2 ' } source of E.M.F. 
( E ) at least equal to that for 
which the motor was built; 
rheos f at r (p. 599) in the field 
coil circuit. 

Observations.— (1) Connect 
up as in Fig. 97, end adjust 
the instruments V and A to 
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zero if necessary. Insert E % when the field should then bo 
excited to the normal amount, which can be seen by closing K 1 
And noting whether the normal voltage is read off on V. 

(2) With R at its maximum value (not less than about 10 ohms), 
close S 2 , adjusting R and if necessary the excitation by the 
rheostat ?*, so that the machine runs at its normal speod. Now 
note, by closing K 2, the volts V a across the armature terminals 
and the current A amps, flowing through it. 

(3) Repeat 2 at the same excitation for some ten different 
speeds in all, both below and above normal, and tabulate as shown. 

(4) Open E, S 2 and K, and measure by suitable means the 
leustance R a of the armature and R^ of the shunt, remembering 
of course to disconnect one from the other at the time. 

(5) Calculate the B.H.P. and commercial efficiency of the motor 
at normal voltage V for some ten different assumed values of 
current C. supplied to the machine ranging from 0 to full load by 
about equal increments, and tabulate as shown in the larger table. 1 


epi’wi m 
it p m. 

Stray Power Readings (fiom ob«. 2 and 3) 

Total Intake 
Watls [tunning 
Light A V a . 

Volts Va. 

Amps. A. | Watts AV a - A'R a . 



1 



Nam* . . . Date . . . 

Motoi lusted : No. . . Normal Voltage = . . . Volts. Resistance : Aiwaluie = . . .Ohms. 

Tjpi* ... „ Cuneiit * . . . Allies. Shunt « . . . „ 

Maker . . . „ Speed = ... Revs, per min. Scms «... „ 


Nor- 

mal 

Speed 

Revs. 

per 

nun. 

Power supply assum- 
ed for calculation. 

Stray Pou or Measure- 
ment in Obs. 2. 

Losses. 

Calcu- 

Coinmeicial 

Efliciency 

“100-^% 

I " 7 

Volts 

V. 

Amps 

Total 

Input 

Wl- 

VC. 

Volt* 

Amps 

A. 

r 'F + L m 
-- AV„ 
~A*U a 
Watts. 

Coppoi 

(calcu- 

lated) 

L C . 

Total 

1KJ.= 

W h 
+ L J- 

luted 

Output 

w 0 ~ 



1 



c 




_ 


(G) Plot the following curves having 

(a) Kfficionoy as ordinates and output )V 0 as abscissae. 

(b) Stray power as „ and speed as „ 

(c) Output W 0 as „ and input Wj as „ 

Inferences. — State very clearly all that you can infer from the 

above experimental results. 

1 Sec noto to larger table, p. 222-3. 
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(96) Efficiency of Direct Current Electro- 
Motors by Poole’s Electrical Method. 

Introduction. — This method, 1 due to Mr. Cecil P. Poole, is an 
electrical one entirely, and enables the efficiency of an electro- 
motor to be obtained without using an absorption brake. The 
rated RH.P. of the machine is assumed for tho purposes of 
calculation, and tho whole ossonce of tho test consists in obtaining 
the armature current at which this rated output is obtained. 

Let A be this full load armature current. 

V =the normal voltage which the motor should have. 
ir=tho normal rated B.lf.P. of motor, reckoned in Watts. 
v and a = the measured quantities as detailed holow. 

Then tho armature coro + friction losses w~(V-v)a Watts, 
v 

and tho armature resistance r = — ohms. 

II, „ A I(„ . /PI3) 

Ttiis value for A is based on the assumption that the core losses, 
armature friction, windage, and eddy currents in the pole pieces 
all remain constant from 0 to full load. While this is not strictly 
the case, the error introduced is practically negligible. 

Apparatus. — Suitable source of supply of slightly higher voltage 
than the normal required for tho motor to he tested ; rheostat 
p. 599 ; low-reading long scale ammeter (a) \ voltmeter V to read 
the normal voltage ; low-reading long-scale voltmeter (v) ; and if 
the motor is shunt or compound wound, an ammeter to measure 
the normal shunt current a s k ; switch. 

N.B. — If the resistance of the shunt r sh he known, then the 

V 

last-named ammeter may be dispensed with for = —amperes, 

I'&h. 

Observations. — (1) Connect up the above apparatus so that 
the rheostat and ammeter (a) are in serioa with the armature 
alone, and the switch, so that it cuts off the supply entirely from 
motor and all apparatus, the voltmeter V being across the 
armature terminals, the shunt coils of the motor being across the 
mains. 

1 The rationale of the method first appeared in the American Electrician, 
to which the author is indebted for it •> 
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(2) With the rheostat full in, closo the main switch when tho 
shunt will at once be fully excited. Now gradually cut out 
resistance in the armature circuit, thereby running up tho speed, 
until V reads the normal voltage across the armature, thus running 
light. Now note the small armature current (a) amperes flowing, 

(3) Switch off the shunt circuit and block the armature to 
prevent it moving. With the rheostat full in, close tho main 
switch and again pass the samo current («), as in observation (2) 
above, through tho armature while stationary, noting the corre- 
sponding fall of potential ( v ) volts across the armature terminals 
by means of tho low-reading voltmetor, and switch off. 

(4) Repeat observation (2 and 3) twice or three times and tako 
the mean of the respective values of (a) and (v), calculating tho 
efficiency 5 of the motor on full load from tho relation — 

s = ... 100 o , 

V (A + a»k) /o 

and tabulate your results as follows — 

Name . . . Date . . 

Mutoi Touted : No ... Maker . . . Rated 13 II P - 

Nonnal Volla r e * . . . Fjiced = . . Cmrciii 

Resistances : Ainutuiu — . . Shunt = . . . Suns = 


Am aturu 
(.’uncut i Tin- 
ning fico. 
(a) urn]is. 

Volta across 
Amntuie 
Still 
(”)• 

Losses 
(K-e)tt 
u 10 

Armature 

lUsitalanco 

_ V 

a 

Field 

Cm icnt 
a\h 

Full lon<l 
Aunutuic 
Cut lent A 

Kilim i.ey 
ol Motor 









Inferences. — 8tato clearly any advantages or disadvantages 
"Inch you consider tho method possesses. 
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General Considerations Relative to the Test- 
ing of Asynchronous Alternating Current 
Induction Motors. 

While it is not proposed to discuss either the construction 
or the theory of action of such machines, certain considerations 
relative to the testing of botli single and polyphase induction 
motors may with advantage be noted. In all cases they are 
self-starting by reason of the rotating magnetic field sot up by 
the supply current, whether single or polyphase, flowing in the 
windings of the stator or fixed portion of the motor. It is, 
however, only in single-phase types that after reaching full 
speed the rotating field (produced only during the starting- 
up period) is ehanged by switching to a simple alternating, or 
reversing, or pulsating field. 

The speed attained at the end of the starting period with 
no pulley load is called ‘■full” or “synchronous” speed, but in 
all induction motors the speed of the rotor decreases as the 
load increases. 

If (/) = the periodicity of the supply in cycles per sec., 

(a) = the speed of the rotor in revs, per sec., 

(p) = the number of pairs of poles in the stator, 
then synchronous or full speed is the speed of the rotating 

f 

field = - revs, per sec., while the difference between the speeds 
V 

of the field and rotor, called the “slip ” = £ — n revs. 

P V 

per sec., and (J f ~ ^ X 100 = 100 = the slip 

in percentage of full speed, which varies from about two or three 
in largo motors to as much as twelve in very small ones. We 
therefore see that tho slip equals the periodicity of the rotor 
currents. 

Measurement of Slip. — Tho last-named fact is mado use of 
in the following method of measuring slip, but is applicable only’ 
in the case of induction motors with slip-ring rotors. Connect 
preferably a moving-coil permanent magnet D.C. ammeter in one 
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of the leads between rotor and starter, then since such an 
instrument indicates for currents in one direction only, tho 
number of impulses given to, or kicks (K) of, the pointer per 
min. in tho same direction will directly equal tho number of 
complete cycles per min. of the induced slow, period rotor 
currents— in other words tho slip. If (/) = periodicity of tho 

supply to tho stator, then the percentage slip = ^ 


Thus, if A” =120 kicks per min., tho slip = 


100 . 

60 x/ 

120 

(RfxSO x 100 


— 4% with a 00 ^ per sec. supply. 

]f a dead-beat moving soft iron needle A.C. ammeter is 
used, the number of kicks per min. would bo doubled, for tho ■ 
same value of / and slip, and would, even if the ammeter 
was sulliciently dead beat to indicate with such rapidity, bo 
impossible to count. With oven a very dead-beat moving 
coil P.C. ammeter, a 5 or 6% slip is about the maximum 
measurable) by this method. A slight variation of the above 
method consists in counting the oscillations of a light pivoted 
compass necdlo placed above or below one of the leads between 
rotor and starter, tho load having a direction N. and 8. so that 
the needle lies parallel to it when no current is flowing. Tho 
slip is then obtainable as before, 

Tho above are direct methods of measuring slip, but if a long- 
range accurate tachometer is available, tho slip can be obtainod 
usually with sufficient accuracy by reading tho rotor speed (iij) 
running light, and (n, 2 ) at any load when tho slip is given by 

’i - -- 2 x 100%. 

"l 

Determination of Slip by Calculation.— If an induction motor 
has a three-phase wound rotor and both tho rotor current 
(A 2 ) and resistance (A 2 ) per phase in each case are known, 
the slip (S) in cycles per sec., or in percentage of tho supply 
frequency (/ j), or in revs, per min. or per sec., can bo calculated 
for the corresponding load as follows — 

If /„ = frequency of tho rotor currents, 

W 2 = mechanical output from tho rotor of the motor (in 
watts), 

p = number of pairs of stator poles, 
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IFj = power (in watts) transmitted electro-magnctically by 
tho rotating field in the stator to tlio rotor, 
w = power (in Mails) lost in tho rotor ~ 3A < 2 2 R 2 
approximately. 


Then tonp.e 

and torque 
stator supply) 


x -■'* = ir, 
v 2 

X ' - 1 = II 7 !, -\- «c(= lj cos <f) fur a 3-phase 


. A ^ + m 

** 

and by a well-known rule in proportion wo therefore have 
_/, = W is= W 9 +w 

,/i — / 2 ll'j — IFjj t» 


where TFj — 11^ -- to 


.•.tLed, P =-> yi --= w - + - = 


3 . 1 , 2 /, >„ 

h’ 2 +3.i>«; 


Determination of Frequency, Slip, and 
Speed (Stroboscopic Method). 

Introduction. — Although tho measurement of sueli quantities 
as those mentioned above — by this method— is by no means 
common, it probably o^ly needs the advantages and accuracy 
of tho method to be realized in order to bring it into much 
more general use. 

Measurement of Frequency and Slip.— Tho phenomenon and 
principles of stroboscopy can be applied in tho measurement of 
either the frequency of an alternating current supply from an 
alternator, or the slip of an induction motor, as follows : A black 
disc having white radial lines is fixed concentrically on the shaft 
of an A.C. motor run from tho supply, and is illuminated by an 
A.O. are lamp fed fioni the same supply. Now the illumination 
from the lamp will vary periodically and flicker with tho 
supply frequency, and when the speed of tho stroboscopic disc 
corresponds with this supply frequency, i.e. when the angular 
velocities of the two are equal, the white lines will always bo 
illuminated in the same place and appear to be at rest. If the 
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speed of the disc is greater than that corresponding to the 
frequency of supply, the white lines will appear to slowly rotate 
in the same direction as the disc; whereas if the speed has a 
smaller value, the lines will appear to rotate in the opposite 
direction. The last condition will obtain with an induction motor, 
and if the number of white lines equals the number of pairs of 
stator poles, they will rotate in the opposite direction to that 
of the disc with the same number of revolutions per min. as 
those lost by the motor, i.e. as the slips. 

For example : the rotating field in a 2-pole stator on a 50 
supply will make one revolution in the periodic time of the current, 
or will rotate with a speed of 50 X 60 = 3000 revs, per min. If 
the slip between rotor and field is 5% ( = 5 X 30 = 150 revs. 
pei 1 min.), a single white line on the black disc will appear to 
rotate backwards at a speed of 150 revs, per min., and will 
also make one complete revolution in the periodic lime of the 
current. 

With a 4-pole motor and the same slip and supply frequency, 
the speed of tin; rotating field equals 1500 revs, per min., slip 
equals 75 revs, per min., and each of tin*, two white lines will 
appear to rotate at 75 revs, per min., which can be counted 
against time, and the slip thereby at once obtained. Hectors, 
alternately white and black, can be painted on the disc or even 
the pulley, and used instead of the black disc with radial white 
lines if so desired. 

Measurement of the Resistance of Single and Polyphase 
Windings. — This is usually effected by the ammeter-voltmeter 
method with direct current (see p. 86) applied to a single phase- 
winding in the case of a single-phaso generator or motor, and to 
each of tho phase-windings separately of 2-phase machines. 

Thus, if (r) equals resistance of each phase-winding, we see that 
the total copper loss in a single phase machine equals d V, and in 
a 2-phase machine equals A -f- J 2 V 2 ; or if in tho latter case 
tho resistances of the two windings are equal as they should be, 
and usually are, we have r x = r. 2 — r, and if A 1 = A 2 then the 
total copper loss U” c ±= A 2 X 2r, where A is the current in 
either phase, and (2? 1 ) tho so-called equivalent resistance of the 
machine. 

In 3-phase windings, tho resistance between any two terminals 
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is, with star connection, that of 2 phase-windings in series (as 
seen from Fig. 143 a), and therefore = 2 r; while with mesh 
connection (Fig. 143 b) we see that between any two terminals 
thore are two circuits in parallel, composed of 1 phase-winding 
in parallel wit;h the other 2 phase- windings in series, or (?•) in 
parallel with (2r), i.e. a terminal resistance of 


1 __ 1 
i, i=iti 

r 2r 2r 


2 



Now, if without troubling. to trace the connections in order 
to see whether they are star or mesh, the resistance between 
the three pairs of phase-terminals are measured and added 
together, the sum -i- 2 will equal the equivalent resistance of 
the whole stator or rotor windings, and tho total copper loss 
in the stator or rotor = (line-current.) 2 x equivalent resistance. 


(97) No-Load “Open Circuit” Test of an 
Induction Motor on a varying Voltage, 
constant Normal Frequency Supply. 
(Rotor running Light at No Load.) 

Introduction.— Under these conditions the motor will run at 
its maximum possible speed, namely that corresponding almost, 
hut not quite, to true synchronism, and therefore with an almost 
zero slip — the small difference being necessary for overcoming 
the small losses due to windage, mechanical and magnetic fric- 
tions, and copper loss due to the no-load running current. The 
test can be operated, of course, on single-, two-, or three phase 
motors, but we shall assume the use of a three-phase motor here 
on account of the connections being slightly more complex. 

Such a motor may have either a squirrel-cage (phort circuited) 
rotor or a wound rotor with slip rings. If the former, it may 
be started up from full voltago mains either by a star-delta 
switch or through an auto-transformer or sectioned choker, 
depending on its size. If it has a wound rotor, the starting 
rheostat connected to this is put to “full in” and the stator 
then switched directly to tho supply. The starter is then 
gradually cut out to short circuit as the speed increases. If 
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now, with the motor running at full speed, normal voltage, and 
frequency, the voltage is gradually decreased, tho speed will 
remain practically constant until tho lower voltages are reached, 
whon it will fall off rapidly. 

Both the stator and rotor current will also decrease gradually, 
tho former owing to a decrease in magnetizing and core-loss 
current producing the stator flux and depending on the voltage, 
the latter in an inverse proportion to tho strongthof tho rotating 
field and voltage. 

As tho voltage falls the idlo or magnetizing component of tho 
current will also decrease, while the energy component over- 
coming frictions will remain much tho same in value, hence 



the ratio of idlo to energy current will decrease and tho power 
factor will in consequence rise. 

If V s = normal voltage per phaso on the stator 
and F ft = the corresponding maximum voltage per phaso of the 
rotor indicated when this is turned through a polar pitch with 
y, 

slip rings opcn-circuited. Then - - is called the ratio of trans- 

' 72 

formation, which is not equal to tho ratio of tho stator and 
rotor currents owing to tho magnetizing current of the stator. 
The induced E.M.F. in the rotor circuits varies directly as tho 
slip, and has a frequency f K — the slip. Thus the reactance of 
tho rotor circuits (— 2t rL R f^) hears a constant ratio to the slip. 

As the rotor current is not usually measured, the ratio of 
transformation enables it, and also the most suitable starting 
resistance, to bo calculated, knowing the stator current at any 
load. 

Apparatus. — Source E of three-pliase alternating current, 
preferably a motor-driven alternator, tho speed and field of 
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which are each variable lietween wide limits ; three-phase 
switch a^; voltmeters V s V u ; ammeters A s A n ; frequency meter 
/; wattmeter If'; reversing key A\ (p. 585); and two-way key 
K 2 (p. 587) for fine-wire circuit of IV; three-phase induction motor, 
of wliich (A) is the stator and (//) the rotor and (r) the starter. 

Note. — By uie use of only one wattmeter, with its pressure- 
coil connected through J\ 2 to the remaining two mains in 
rapid succession, we assume the motor to be electro-magnetically 
balanced, or equally loaded, in the three phases (see p, 389). 
On no load, such is usually the case, for the current A s is small, 
and therefore any inequality ifi the ampere turns, resistance, or 
reactance of the windings is nearly negligible in effect compared 
with what it would be on load. With phase- windings unequally 
loaded or balanced, two wattmeters must be used to obtain the 
true power absorbed (see p. 392). 

The ammeter A n in the rotor circuit should be very dead beat 
and of the moving needle type, and should be of low resistance 
so as not to throw out the balance of the rotor currents. If the 
rotor R is of the squirrel-cage type, V R A K and r cannot bo used. 

Observations.— (1) Connect up as in Fig. 98, le\ oiling and 
adjusting to zero, such instruments as need it. On starting any 
machine always see that its oiling arrangements are working 
properly before doing anything else. 

(2) With Jl running light at no load, adjust the voltage V s 
and frequency / of the supply E to the normal values for the 
motor, and note the readings of all the instruments under this 
supply condition, and also (with the same frequency kept con- 
stant) for a series of values of V s (by field regulation) decreasing 
by about equal amounts to the point where the speed begins to 
decrease , and from this point by smaller and more gradual decre- 
ments of V R until the speed decreases too rapidly to read. 

Note. — After the speed begins to fall, sudden changes in V s 
must be avoided, while the simultaneous readings of all the 
instruments must he taken rapidly. 

W must he read, first with its volt coil across (ah) and then 
with it across (Ac) at each voltage V St by using the key J\ 2 , 
Further, in sonic eases (not all), this cliango of connection will 
be accompanied by a reversal of direction of the deflection of ]V 
depending on the magnitude of the power factor. The re- 
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Vorsins key K x must in such cases be turned through 90°, so 
as to bring the deflection on to the scale again ; but the reading 
must now bo considered — va and subtracted from the other to 
give the total watts (see p. 392), otherwise when the readings 
across ah and he are both on the scale and therefore both -p 0 , 
their sum gives the total watts. 

(3) With the frequency (/) constant at normal value for the 
motor, raise the volbago V a from 0 by small and very gradual 
steps until the speed begins to increase too rapidly to enable 
readings to be taken. The simultaneous reading of all instru- 
ments at each voltage must be done rapidly. Tabulate all your 
results as follows — 


Induction Motor. No. . . . Maker ... Tjpe . . . 

Full.]* a<l output : B If P. = . . . <7$ . . . r p in. Volts ^ . . . Ampi . . . Ficquency . . . 
JitpiivnUnl lit». (Inti) of St.itor Windings— . . ohms: of Itoln W nduigs .. . ohms. 


Sp. cdhv 

Supply 


8 o, 

IlOtol 

5 4 



<4 

8 3 

Svv 



Watts. 

cJ 

£ ^ 

1 II g) 



5 

o * 

5 

Kicks of A 

5 . 

OK' 

ft yj 


-1! 

ii 

3 ^ 

< 

'•M-Q. < 

ll'l 

ft b 

* 

k ** 

<§ o 

H ^ 

Value 

aJA 









| 


r. r 

i;_: 

1 


(I) Plot the following curves (from obs. 2 and 3) haxing 
\ allies of stator volts J' s as abscissa) with (1) spo>'d, (2) intake 

watts IF, (3) stator amps. (-1) cos </>, (o) ratio !; s as ordinates 

in each case. 

Inferences. — From a careful study of the shapes and disposi- 
tions of the curxes relatively to the axes and of the tabular 
results, state all that can be deduced. 

(98) No-Load “Short-circuit” Test of an 
Induction Motor on a varying Voltage, 
constant Normal Frequency Supply. 
(Rotor kept stationary and short-cir- 
cuited.) 

Introduction. — Under these conditions the slip will bo 100% 
since the speed is zero, while the power absorbed xvill almost 
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v holly consist of copper loss oc to the square of the current. 
The only remaining source of loss is that due to hysteresis and 
eddy currents in the iron which will bo small, owing to the low 
induction density reached with even the maximum voltage it 
is possible to uso in this test. Further, it will bo noticed, from 
a reference to test No. 137, that the motor approximates to a 
static transformer with a stator primary and rotor secondary 
under the conditions for maximum magnetic leakage which the 
stator windings maintain in the air gap between stator and 
rotor. 

Under stationary conditions the ratio of stator to rotor 
current is practically a constant and approximates to the ratio 
of transformation of the motor. Under running conditions the 
ratio of currents departs from constancy, duo to the no load 
current taken by tho motor at normal voltage, and no longer 
approximates to the ratio of transformation. 

Apparatus. — That indicated for the preceding test (p. 265), 
but without A\K V an additional wattmeter now being used 
with its current coil in main a or c (Fig. 98), one end of each 
of tho volt circuits of the two wattmeters, to be denoted by iv L and 
iv v being connected to the third main as indicated in Fig. 143c. 
The reason for now using two wattmeters is that the heavier 
stator currents to be used in this test, which will depend mostly 
on the resistances of the windings, will show up any slight want 
of symmetry, and may (or may not) result in tho unequal 
current loading of the three phases — a condition necessitating 
the uso of two wattmeters (p. 392). A n w l and w 2 must 
also now bo capable of taking tho heavier currents used in tho 
present test. 

Observations. — (1) Connect up as in Fig. 98, levelling and 
adjusting to zero such instruments as need it. Seo that tho 
lubricating arrangements of tho supply set are working 
properly. 

(2) With the rotor R short-circuited and prevented from rotating 
and tho supply- frequency (/) constant at normal value, take the 
readings of all the instruments at each of a scries of supply 
voltages Vs, increasing from zero to a value which will produce 
a stator current As of, say, 50 % in excess of that of full load, 
and tabulate as for the last test (p. 267). 
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(3) Plot curves, Laving values of V s as abscissa?, with values 
of JF, Agj Aji and cos </> respectively, as ordinates. Also curves 
between A s as ordinates, with A lt as abscissae, for this test, and 
from the readings of tho last test No. 97 on tho same curve- 
sheet for comparison. 

Inferences. — From a careful study of tho curves state clearly 
all that can be deduced from the test. 

(99) Efficiency and B.H.P. of Single Phase 
Alternating Current Electro-Motors. 

Introduction. — The somewhat rapid development of tho distri- 
bution of electrical energy by single phase alternating currents 
in recent years has brought with it the introduction of single 
phase alternating current motors, of which, up to comparatively 
recently, there has been no practical commercial instance. Now, 
howover, there are several forms, but nono of them are able to 
compote with the direct current motor in tho matter of efficiency 
and powors of starting under load with tho amount of olectrical 
power absorbed in doing so. Thero are two classes of alternating 
single-phase motors, known as the Synchronous and Asynchronous 
types. The former cannot start themselves but have to bo run 
up, by a separate source of power, into synchronism with tho 
periodicity of tho supply current ; then, on being switched into 
circuit, they run perfectly synchronously with tho generators, 
i. e. at constant speed, for wide variations of load from 0 to 
considerably over full load, and are of course separately excited. 
The latter class are self-exciting and self-starting (011 very small 
loads) by using suitable means, but are non-synehronous, and tho 
difference between the speods of rotation of tho magnetic field and 
the rotating armaturo is called the “Magnetic Slip ” or “ Sliji ” 
simply. This generally only amounts to a small percentage at 
full load. 

The self-starting property is obtained by producing a rotatory 
magnetic field at starting, caused by diphasing the current in two 
separate circuits by means of tho suitable use of either self- 
induction or capacity, one circuit being cut out when the motor 
gets up speed. 

The fixed portion of the motor (t. e. field magnets) through tho 
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winding of which tho supply current flows is usually termed the 
“ Stator” The rotating portion (i. e. the armaturo) is tormed tho 
“Rotor,” and usually consists of short-circuited conductors carried 
on a well-laminated drum. There is no electric connection in 
most cases to tho rotor, or between rotor and stater. It will also 
often bo found that tho host efficiency is not at normal full load, 
which is analogous to the series wound direct current motor in 
this respect. Speaking bjoadly, it may be said that single-phaso 
motors should bo self- starting, and this on a current certainly not 
exceeding that taken at full load. Tho power factor should be high. 

A motor built for a given periodicity will not give as a rule 
its full power when supplied with a current of a much higher 
periodicity, while it will tako too much current with a lowor 
periodicity. 

Tho cllicicncy of any motor = the total power given out -f the 
total “moan power” absorbed, both being reckoned in equivalent 
units. In the present and similar tests the true mean input 
cannot be obtainod by the product of the amperes and volts, as in 
the case of direct current motors, owing to the “ phaso difference” 
between the current and pressure, but must be obtained by 
means of a non-inductivo Wattmeter. The output, or Jl.li.P., is 
obtained by an absorption dynamometer, which is a modified form 
of lVony brake. Such brakes waste, in heat, all tho power 
developed by tho motor from friction, but at the same time give 
a measure of this power. No lubricant is usually needed, but a 
little black lead may bo applied to the pulley if the brake is jerky. 

Apparatus. — Alternating current motor M to be tested ; brake 
complete with weights; non-inductive Wattmeter IK; alternat- 
ing current ammeter A and voltmeter V; switch S ; rheostat R 
(p. 597); tachometer; source of alternating current E, prefer- 
ably one that can be varied. 

Tests. — (1) Connect up as indicated, and adjust the pointers 
of all the instruments to zero, lo\ oiling such as need it. See 
that all lubricators in use feed slowly, and that the resistance 
switch (5) is open. 

(2) Adjust the speed and excitation of the alternator so as to 
give the normal voltage and frequency required for M , and romove 
the brake. 

(3) Make R a maximum ; i. e. in the present case put resistance 
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switch S to start , and when the motor has got up speed throw S 
over from start to full , 
then, when tho speed has 
become steady, note it and 
tho readings of A, V, 
and )V. E 

(4) Place tho brake in j 

position, and with no j . < 

weight in tho pan, again -ojo 

note the motor speed and 
readings of A, V, and IV. 

(5) .Repeat 4 for about ten loads, rising by about equal 
increments of weight to tho maximum, tho voltage and frequency 
being kept constant. 

(0) Repeat 4 and 5 for a higher and lower frequency than the 
normal. 

(7) Determine tho power required to just start M by removing 
the brake, turning S to start , and adjusting the speed of the 
alternator to give normal frequency (to be kept constant). 

(8) Carefully and gradually raise the voltage (at constant speed) 
by means of tho excitation until M just staits, then instantly 
note the readings of A, V, and ]V. Repeat this tlireo or four 
times and take the mean. 


(0) Repent 7 and 8 for about five different frequencies, rising 
by about == increments to about 20% above normal. 

(10) Determine the relation between the speed of M and 
frequency of supply by removing tho brake, and when tho motor 
has got up speed, turning the Switch (S) to “full.” Then for 
constant normal voltage noto the speed of M and readings of 
A , V, and IV for about ten different frequencies, rising up to 
about 20% .above normal. 

(11) Determine tho off eel of variation of voltage at constant 
normal periodicity with the motor running light by altering R, 
and noting the speed and readings of all the instruments. 
Tabulate all your results as shown. 
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Nam* . . . Date . . . 

Motor : No T\ pj . . . Made by . . . EffbL-live Diam. of Pulloy and band d = ft. 

Normal B.II P. = . . . at . . . \olls and . . . revs. per min , anil frequency = . . . ^> w per roc. 
Allcrations per i evolution of Djimmo K~... 


Speed In 
revs, per 
nun, of 

<>‘1 
' x g 

i s' 

S* U 

Pi 

00 

■*-> 

1 

s. 

E 

4 

Power Abswbod, 

Weight in Pan 

W lbs. 

Lesser weight or 
balance reading 
vi lbs. 

cS 

I? 

ft 

M 

YaE 

1 ? 

■ife 

w ' 
|o b 

1 

TO 

Power Factor 
* 

■a 

1 

Efficiency 
** x 100 in % 

£ 

B 


s 

a 

S*’ 

3 

ole 

+» 
fi O) 

< 

© 

a a 

« ll 

H ft 













Note. — Tiio notfc weight on brake = (weight of scalo pan and 
weights) - reading of spring balance. 

(12) In expei intents 1-6 plot curves having values of (a) 
power factor, (&) etlicicncy, (c) true power absorbed respectively 
as ordinates, and B.ll.P, developed as abscissa*, for each 
frequency. 

(13) In oxpeiiments 7-10 plot curves having ( d ) true power 
required to stai t, (e) speed of motor, as ordinates and frequency 
as abscissae, in each case. 

Inferences. — What can you deduce from your experimental 
results ? Taking the cost of electrical energy for power purposes 
at 2d. per B.T.U., find the cost per B.H.P. per hour, and also 
when M is running on no load at normal voltago and frequency. 

(ioo) Efficiency-Load Test of a Polyphase 
Induction Motor. (Absorption - Brake 

Method.) 

Introduction. — The eiliciency of any electro-motor 

BJLP. developed __ B.H.P. 

^ E.H.P. absorbed “ B.II. P. -\- intornal losses* 

The internal losses in an induction motor comprise (1) copper 
losses in stator and rotor windings, (2) iron losses (hysteresis 
and eddy currents) in stator and rotor cores, (3) mechanical 
friction duo to windage, journals, and brushes, if it possesses 
a slip-ring rotor. 

If A s and — the current and resistance, respectively, per 
phase of stator winding and A R and r**=tho current and 
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resistance, respectively, per phase of rotor winding; then, if 
this latter is of a three-phase typ o, the stator copper losses 
are— 

A\r s for single-phase; for two-phase; and for 

three-phase induction motors, while the rotor copper loss is 

For a given iron core, we have seen (p, 354) that the expres- 
sion for the iron losses contains two variables only, namely, the 
frequency and the induction density oc to flux, and dependent 
solely on the supply voltage and number of stator turns. Hence 
the iron loss is independent of load. Further, since the fre- 
quency of the rotor currents and consequently of the flux in 
the rotor core equals the slip, which is only some 5 % of tho 
speed of the stator field, it follows that the iron loss in the rotor 
core will be small compared with that in the stator core and 
the other losses, and will increase slightly with speed. Tho 
friction losses being oc to speed, will be sensibly constant at 
all loads in an induction motor, since the speed of such a motor 
has a variation of some 5 % only. It will therefore be at once 
realized that the copper losses (increasing as the square of the 
current) are mostly responsible for the rapid increase of the total 
internal loss as the load increases. 

The supply current to the stator of an induction motor is 
composed of two components — • 

(a) One which may bo termed tho no-load or magnetizing 
component, producing the rotating magnetic field, and which is 
not only in quadrature with tho supply voltago but nearly 
constant at all loads. 

(Owing to the air-gap between stator and rotor-cores, the 
ampere turns of excitation, and hence the magnetizing com- 
ponent necessary to produce a given flux, is much higher, and 
the power factor much lower, than if the magnetic circuit was 
a closed one, and therefore an induction motor takes a consider- 
able no-load current which may be from a quarter to one-third 
of full-load current. The smaller tho air-gap tho smaller this 
current, the greater the power factor and output of the motor 
for a given size. For this reason the air-gap of such motors is 
reduced to a mere clearance for rotation.) 

(/>) The other, which may be called the load-component, out 

T 
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of phase with the voltage, but producing a field in the stator 
equal and opposite to that produced by the rotor currents in 
the stator, and hence balancing tho demagnetizing effect of the 
rotor-induccd currents on the stator field. 

This load component increases directly with the B.II.P. output 

, . . turns on rotor 

of the motor and = A „ X . 

turns on stator 

Tlius it will be seen that for the rotating field to have a 
constant strength, the stator current taken at no load will just 
suffice to produce this requisite field strength and provide for 
tho iron and friction losses. As the load increases, the increase 
in the rotor ampere terms is balanced by an equal and opposito 
increase in stator ampere turns, and wo have the following 
relation, viz. that the 

Total stator amp. turns 

= total rotor amp. turns -f no-load amp. turns, 
or Total stator current 


= (rotor current ratio of transformation) -j- no-load current, 
the line above denoting that the sum is vectorial and not 
algebraical. 

The total power given out, ie. the can bo measured 

either by means of an absorption dynamometer brako in the 
manner already clearly defined in the previous tests, or by 
making the motor to bo tested drive a direct current dynamo, 
the commercial efficiency of which is accurately known at various 
loads. This method should be adopted whenever possible, as it 
has the advantage, when carried out properly, of being more 
accurate than the ordinary brake methods. The method consists 
in suitably driving the dynamo from the motor to be tested either 
by means of a thin supple (pliable) belt or by the direct coupling 
of their shafts (placed accurately in alignment), through a flexible 
coupling or helical spring sufficiently strong for the purpose, 
thus avoiding the difficulty of getting their shafts exactly in true 
alignment. The belt arrangement also obviates the same diffi- 
culty, but it must lie very pliable, otherwise errors will be intro- 
duced due to the extra power absorbed by the slipping and 
bending of this belt round the pulleyc. 

Thus measuring the electrical power developed by the dynamo 
which is at once given by the current X voltage, and knowing 
its commercial efficiency e, the B.H.P. of the motor :an easily 
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be calculated and = -f- e. Further, if n — the speed 

in revs, per min., the torque T of the motor is given by the 
relation T- 


TUI.P. X 33000 lb ffc 


2 m 


In all eases the efficiency of any motor = total power given out 
at its pulley -r total power absorbed, both being reckoned in 
equivalent units. A multiphase alternating current motor is 
self-exciting , self-starting , but asynchronous as regards speed and 
the periodicity of the supply. The starting torque can be made 
equal to that of the best direct current motor without an 
excessive percentage over load in the current taken. 

They can be wound to run direct on 5000 volt circuits and 



over without much fear of the insulation breaking down, and 
their great advantage, except in tho larger sizes, lies in the fact 
that there are no rubbing contacts of any kind to get out of 
order, and consequently there is no sparking. In the present 
case we will assume that tho motor to be tested is of the three- 
phase type, as perhaps the measurements of input are not so 
obvious as in the two-phase system. 

Apparatus. — Source of three-phase alternating current E\ 
three-phase motor SR to bo tested either coupled mechanically 
to a direct current dynamo D of known commercial efficiency, or 
fitted with a Prony brake, p. 634 ; Wattmeter IP; alternating 
current ammeters A s A n and voltmeters V s Fjj ; triple pole 
switch S 1 S 2 S 3 ; tachometer ; and if a coupled dynamo load is 
used, direct curront ammeter A and voltmeter V ; rheostat R 
(p. 606) ; switch S. 

Note. — For a detailed description of power measurements in 
multiphase circuits, see pp. 388-400. 

Observations. — (1) Connect up as in Fig. 100, and adjust all 
the instruments to zero, levelling such as require it. See that 
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all lubricating arrangements in use feed properly on starting 
the motor in the usual way. 

(2) With the motor quite free, tako readings on all the instru- 
ments concerned when M thus runs “ light at its normal 
frequency and voltage, noting the speed. 

(3) If a dynamo load is used stop SR, couple the shafts of D 
and SR together and start the combination up again, with R at its 
maximum when S is closed ; or if a Prony brake is used take a 
scries of about ten different loads from I) or on the brake, varying 
from the smallest to the largest permissible corresponding to the 
maximum current allowed for SR. Noto simultaneously tho 
readings of all the instruments at each load and also the speed, 
the supply voltage and frequency being constant throughout. 

(t) Repeat 3 for speeds 20% above and 20% below normal 
respectively, if possible, by varying the speed of the generator. 

<o) Adjust tho direct current load to a convenient amount, 
then, keeping V s constant , alter the speed of the three-phase 
generator by successive steps, and note tho corresponding effect 
on W l ir 2 and the speed of the motor. 

(6) Keeping tho speed of the three-phase generator constant, 
alter V s by successive steps and note the effect on TTj U\, and 
the speed of the motor, using the same load. Tabulate all your 
results as follows — 

Name . . . lKir, . , , 

Multiphase M<.tor : No. . . . Typo . . . Maker . . . 

Normal: Volta = , , . Amps. =» . . . Speed -=■ . • 

Re<. Warm per Phiap Winding Stator — . . . o’ mo. 

Rotor (r„,) =*= . . . ohms. 

Dynamo D: No , . . Type . . . Makor . . 

Normal: Volts = . . . Amps. — . . . Speed => . , 

Diameter of Biake Pulley d — ... ft. if used. 
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(7) Plot the following curves from observations 3 and 4 for 
each speed having efficiency, power factor, slip, speed, current, 
and intake Watts as ordinates and B.H.P, as abscissa*, also 
curves having Torque as abscissas with A& A R and slip as 
ordinates. 

And from observations 5 and 6, curves between voltage V 8 
and supply frequency as ordinates with speed of the motor as 
abscissa} in each case. 

Inferences. — State very clearly all the inferences which can 
be drawn from your experimental results, and point out their 
bearing on electrical driving by multiphase current motors. 


(ioi) Determination of the performance of 
an Induction Motor at all loads without 
loading it at all. (Heyland’s Method.) 

Introduction.— It sometimes happens to bo inconvenient and 
even impossible to brake, or otherwise absorb tho B.H.P. of 
large induction motors, and in other cases to supply the large 
amount of electrical power required by them at full load from 
a generating plant which mny bo already running nearly at full 
load. Tho difficulty is met fortunately in such cases by the 
following method entailing tho construction of tho well-known 
“ lleylaiul Diagram” from vory simple “no load and short 
circuit " readings on the motor. The intake current and power, 
tho output, the power factor, and tho slip, etc., and hence 
efficiency, can then be deduced for all BJI.P.s and a complete 
set of curves drawn showing the performance of the motor. 
The temperature rise at any load cannot however be obtained 
with this method, and the best and most economical way of 
determining it is to let the motor drive a generator which is 
capablo of absorbing tho required B.H.P. and simultaneously 
return tho output of this generator to the motor supply. Thus 
in running a 6 hours’ temperature test on, say, a 500 B.H.P. 
motor having an efficiency of 95%, tho power wasted would only 
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be some 10% or about 50 E.H.P. as against over 500 H.P. if, 
the output of the generator had been taken up in rheostats. 

Apparatus. — Three-phase induction motor M with phases 
equally balanced (presumably) complete with starter. A tacho- 
meter ; a voltmeter ; an ammeter reading up to at least full load 
intake amperes, and a source of supply SS at the normal voltage 
and frequency for which the motor is built and capable of 
reduction to about J full normal voltage at full normal 
frequency, as before, together with — 

For motors with mcsh-conncclcd stator— 2 similar wattmeters 
having a capacity of about l of the full load output of the 
motor. 



Fm. 101. 


For motors with well-balanced star-connected statw — 1 watt- 
meter having a capacity of about yg of the full-load output of 
the motor. 

The ohmic resistance of a complete stator phase (and of a 
rotor phase for reference later, if needed) will be required, and 
can bo obtained from a separate measurement with a high- 
reading ammeter and low-reading voltmeter, by tho fall of 
potential method ( vide p. 84). 

Observations, — (1) Connect up as in Fig. 101 if the motor 
stator is mesh connected or if the stator is star connected but 
not well balanced, and adjust tho pointers of those instruments 
which require it, to zero. The terminals of the stator of the 
motor M are 1, 2 and 3, whether it is star or mesh connected. 

(2) Closo the switch $ lt S 2 , S z and start up M , finally short- 
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circuiting the starter. Then with the supply at normal voltage 
and frequency noto the speed of M on the tachometer and the 
readings of all the instruments, the motor running quite light 
and at “no load." 

N.B. — If the power factor of tho system is lpw, one of the 
wattmeters will read negatively, lie verse tho connections to its 
shunt coil and take the roading which must be considered - v * 
and subtracted from the reading of the other wattmeter to get 
the total true power. 

(3) Open S v S 2 , and when the motor comes to rest, clamp the 
shaft in any convenient way to pro\ent it rotating, and place 
tho starter at short-circuit. Now apply any convenient lower 
voltage, say, } to £ of the normal value at full normal frequency, 
and again read all the instruments as in Test 2 above and switch 
off and open the starter. 

Note. — A lower voltage has to bo used in this test for the 
larger-sized motors, because the normal voltago would cause 
dangerously large currents to flow which would probably damage 
the stator winding in evon their brief application. Tho true 
static current will now be tho observod current x by the ratio 
of the two voltages, while the corresponding static watts will be 
those observod x by the square of this ratio (see table). The 
reason for this is that the static watts are nearly all copper loss 
and hence ec to (current) 3 . 

(4) Measure in a convenient manner (pp. 84 and 263) the 
resistance R t between any two terminals of the stator and rotor, 
preferably while warm. Then the resistance of each complete 

stator phase (star connections) r f = ^ ; and for (mesh connec- 
tions) r, ~ Also in the case of a slip ring rotor obtain the 

ratio of transformation given by the ratio of any stator voltage 
to the corresponding rotor voltage with rings open-circuited and 
rotor in the position giving max. volts. 

Record your results as follows — 
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Motor: No. . . . Maker , . . 

Rated Full Load : B.1I.P. =* , . . Line Volta (P)» . . . Line Amps = . . . Speeds . . . 
Slip at ,, ,, - . . . Normal lroqucucy = . . . 

Stator Phases connected in . . . 

Resistance couipleto Stator Phaso, i's = . . . Rotor Phase, r r - ... 


Motor running quite freely at 0 Load and Normal Line Voltage anl frequency. | 



Amperes in 

Wattmeter 


Power Factor 


Speed 

of 

Rotor 

by 

Taclir. 

Volts 

across 

Stator 

Those 

Vo. 






Total 

From 
EL 
“a 
and 
cuive 
(sec 
p. 010). 



Lino 

Al. 

Each 

SUtoi 

l’liase 

Ao. 

Wj. 

Wo 

tO\ - Wo 
— W.“ 

Intake 

Ttuu 

Watts 

Km 

— tCa. 

Cos. 0O 

_ V'^ lCa 
= 3 AlVu 

Anglo 

of 

lag 

h 







\ 



~\ 



Stator of Motor supplied with lower voltngo than normal, hut at noimal 
Rotor,, „ at Standstill and Shorted 


Ap- 

plied 

[.me 

Volts 

Vs. 

Amps, in Line | 

Wattmeter 

Total Intako 
Tine Watts at 

Tower 

Factor 

Co^ e x 

_ \/li ir y 

~3 VAsi 

Anglo 

of 

Lag 

•l- 

At 

Volts 

Vs 

AH. 

At 

Volts V 

(W 

= Am. 

Amps. 

at 

Volts 

V 

= As. 


e> • 

«!• 

d 

wa* 

Wj - Wo 

-w." 

Volts Vs 
Kio 

= 

Nonnal 

VolU 











Note. — With mesh-connected stators : Volts per phase =» 

line volts and amps, per phase = - line amps. ; with star- 
ve 


connected stators: Volts per phaso — - - lipe volts and amps. 


per phase = line amps. 

It will be seen that the Power Factor for the u no load ” and 
for the “ short-circuit n tests is found from the relation — - 


Ons 0 = True Watts absorbed per phase 
Amps, per phase x volts per phase* 

but it is perhaps more convenient to calculate from the experi- 
mental readings by means of the fraction given in the above 
table. 

From the data contained in the above tables, the lleyland 
Diagram can be constructed, giving the performance of the 
motor. 
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Construction of Heyland Diagram . — This will bo understood 
more easily by working it out from tests recently made by the 
author on a 3G0 R.II.P. 500 volt three-phase induction motor, 
running at ft speod of 300 revs, per min. with a normal 
frequency — 50 ~ per see. The stator windings wero star con- 
nected, the rotor windings being also star connected, and led out 
to throe slip rings which woio connected to a starting resistance. 
The method of procedure with this motor was as follows — 

With mi aimnoter in one line and a watt motor connected 
between the neutral point and one terminal of the motor so as 
to measure the true watts absorbed by one phase (see Pig. 151 , 
p. 396), the following measurements wero made — 

Motor running light at normal speed, frequency, and voltage 
with rotor short circuited.— Wattmeter reading = 3600 watts 

per phase - (^^j. 

Line current (d x ) = 142 amperes. 

Resistance of each phase of stator (cold) r b = 0 0122 ohm., or 
by calculation about 0*013 ohm. (hot) on tho assumption of a 
maximum temperatuie rise of 70° F. above that of the air. 

Resistance of each phase of rotor (cold) r r — 0 0051 ohm. 

• Ratio of transformation in rotor 500 : 325. 

Rearing in mind always that tho diagram is constructed with 
reference to ono phase of tho motor, and not tho motor as a 
whole. Further that in testing motors with mesh connected 
stators it would bo the total power absorbed that would bo 
measured by the two lino wattmeter method (Fig. 101, p. 278) 
instead of that por phase. 

Honco the power factor of any phase, whether in star- or mesh- 
connected stators, can bo calculated best from the general relation 


cos. 


jjj^a 

3,I X F’ 


where w 0 = total power in watts absorbed by motor running 
light with a lino current A z and line voltago V. The numeral 3 
reduces w 0 to watts per phase, and ^/3 reduces tho line voltage V 
or line amperes A L to tho corresponding quantities per phase in 
the case of star- or mesh-connocted stators respectively. Thus 
in the present case 
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ay- a i&TJB-*"” 

or 0 2 = 85*. 

Motor at standstill with rotor short cirouited and stator 
supplied at normal frequency. — With those conditions we require 
the line current that would How, and also the true watts absorbed, 
at normal line voltago. As, however, a lino voltage as groat as 
the normal value would, in most motors, produco an abnormal 
current that would be inconvenient to measure and liable to 
damage the windings, a smaller voltage sufficient to give a 
convenient line current is applied. Thus in the presont case 
the line current = 104 amps. 

„ pressure V 8 = 127 volts. 

Wattmeter reading = 8000 watts per phase. 

From which we calculate the following static standstill 
values — 

Line current 

. normal volts ... 500 ... 1K .. 

= — - — - x 404 = — x 404 = 1591 amps, 

applied volts 127 

Total watts absorbed 


to, = x (3 x 8000) - 372,000 watts, 

whence cos. $ l - =■ 0 2701 

1 3A S V 3.1001.000 

or tfj = 71 3”. 

Current Circle. — Referring to Fig. 102, draw two lines OE 
giving the phase of the supply volts and OA perpendicular to 
one another, and from the point O, as origin, set off a straight 
line OC (= current which would be taken by the stator if 
directly across normal voltage), making an angle 0 1 of 74*3° 
with OE and another line OD (= no-load current) making an 
angle 0 2 of 85° with OE. Now choose a convenient linear scale 
of current, c.g. in the present case, 100 amps. = 1 cm., and thus 
make 

ir.ni 

OC =1591 amps. = — _ = 15 91 cms. long, 



z\ 
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and make OD * 142 


a 


142 

100 


142 cms. long. 


Then with a centre L (on OA) draw a sopii-circle ACZD 
through the points C and D , and cutting OA in A and F, thus 
determining tlie point A. From D draw DF= energy com- 
ponent of no-load current perpendicular to OA and cutting it in 
F, then DFO is the no-load triangle of currents OF ~ the no- 
load magnetizing current cos = the no-load power factor. 
Kotor current = FR x ratio of transformation stator intake 
oc B V and AZF is the current circle for the motor. 

Output Circle. — Join CA t and from A draw All perpendicular 
to AC , cutting the perpendicular IIZ, to OA through L, in tho 
point H. With centre II draw the output semi-circle AXF 
through the points A and F. Sinco the angle CAII — 90°, tho 
lino CA is a tangent to tho output circle, tho ordinate of 
which at A is zero, thus satisfying the condition of no output 
corresponding to this point and tho point C, output of motor = 
ST which lias a max. value = XJ. 

Torque circle. — The torque of an induction motor is pro- 
portional to tho rotor flux (R r ) x the rotor current (11 A ) and in 
fig. 102 the right-angled triangle ACO is a triangle of fluxes in 
which AC oc R f \ AO cc stator flux (S F ) which is also oc applied 
voltago per phase and OC oc leakage flux L* Consequently tho 
actual rotor flux will ho oc iC'- copper drop in stator resistance, 
and we proceed by first finding the voltage represented by AC 
wlien tho volts por phase of stator are represented by AO. 
Thus— 

volts per stator phase __ length of AO _ 16*7 cms. 
volts represented by AC length of AC 4 ’55 cms.’ 


whence— volts represented by 

-4C = ^ x volts per phase = = 78 ’66 volts. 

Now the copper drop for stator phase (for the short circuit 
current A s = 1591 amps.) 


*= A s r, — 1591 x 0*013 = 20*68 volts. 

Therefore from the point C mark off along CA the length 
CN = 20 68 volts, which is proportional to 
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A s r, An _ 20 Ci8 x 4*55 
78-66'* 78-66 


1*196 cms. 


Now find a centre K in ZH, sucli that a semi-circle ANYRF 
described from it passes through the points ANF. This is tho 
required torque eirclo. Sinco the rotor flux is 'rcprosonted by 
AN, the total torque is oc AN x CF which is oc to the area of 
the right-angled A A NF ( the lino NF not being shown in Fig. 102). 
But tho baso AF is constant. Hence tho total torque is oc to 
tho altitude of the triangle. For example the total torque is 
oc RW for the stator current OB, Again, in the no load triangle 
of currents OFF, tho no load wattless magnetising current = OF 
lagging 90° in phase behind the E.M.F. OF, and having a load 
current component in phase with OE = FD, The resultant 
no load stator current as road oft’ on the ammeter = 01). Hence, 
since useful torque = total torque - torque spent in overcoming 
internal frictions for tho same stator current OB, we have 
useful torque cc R W— IJW oc RU. Starting torque would bo 
NM at the starting current OC and a power factor cos 0 V 
Slip of the Motor. — Since we know that tho slip is directly 
oc to tho rotor current NF f and inversely oc to the rotor flux 
AN, we see that it will have its maximum valuo at C and 


minimum value at D, for 


NF 

NA 


(which is cc 


to slip) has its 


maximum value unity at C when the motor is at standstill. 
Fiom C therefore draw CF perpeudicular toyi/iT cutting AO 
NF OP 

Then the slip a ^ cc ~ n cc QP, since A V is constant 


in l\ 


and tho triangles ARE and APQ are similar. 

Now maximum slip corresponding to the point C and tho 
motor at standstill is a CP, which scales 4-35 cms. and 
represents 100 % slip. 

Tho slip at tho output load ST when taking a stator current 

on is x 100 % = - 0 ' 3 - x 100 = 6-9 %. 

lotiitli J‘C /0 4 35 /o 

Stator copper loss = (BV — Till 7 ) watts and rotor copper 
loss — (Rif ~ ST) watts each to a scale of watts suitable for 
input BV and output ST, BR and US — ohm drop of volts in 
stator and rotor respectively to same scale as OA gives stator 
volts per phase. 
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Application of Diagram.*— The diagram can now bo employed 
for determining the performance of the motor at any load 
corresponding to any point such as B taken anywhere on tho 
current curve AZF. Suppose that wc choose the point B as 
being the point of contact of tho tangent OB with the current 
circle AZE. Join All, cutting CP in Q, the circle AXE in 
anil AYE in R, and draw the perpendiculars S7\ RUW, and BIT. 

Power Factor. — For any given point on A ZE the power factor 
is given by the cosine of the angle between the join of this point 
with 0 and the line OE. At B it lias the maximum valuo 
possible, since OB is a tangent to the circle, namely 
cos. 6 — cos. 32'S 1 ’ — '8406. 

Stator Current per phase OB, which is also the line current 
in tho present case sinco tho stator is star connected. 

This scales 4*95 cins. corresponding to 495 amperes (since 
100 amps. = 1 cm.). 

Total Apparent Watts absorbed = J3 . V . line amps. = 
J3 .500 . 495 = 428,000 watts. 

Total True Watts absorbed = J3.V. (component of OB in 
phaso with and parallel to OE). 

*= J'S. V.BV with star con- 
nections = J3 . 500 . 410 = 
300,200 watts. 

Tho same result is given by 3(7>T) x volts per phase. 

Stator copper loss for this load = 3 (r, x component EBr of 
stator curient) = 3. 0*013. (435) 2 = 7381 watts. 

This loss is proportional to BR which = 0*43 cm., and tho 
Kotor copper loss is cc to RS which - 1*0 c.m., and this loss 

therefore = ./ x 7381 = 17,105 watts. 

43 

The total loss in tho motor at the load corresponding to tho 
intake stator current OB = 10,800 + 7381 + 17,1G5 = 35,346 
watts. 

The output of the motor therefore = 360,200 - 35,346 = 
324,854 watts = 43GT3.1I.P. 

The efficiency of the motor therefore = J = 90T8 % 

360,200 ' 

when giving 436 B.II.P. or 21 % overload with a power factor 
already found of 84 %. 
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The ordinate ST thus represents 436 B.II.P. or the scale of 

the ordinates of the output circle is ifi? = - ,f e -- — = 119*5 

ST 3(>5cms. 

RH.P. per 1 cm., consequently the rated full load of the motor, 
namely 360 B.H.P., will be given by an ordinate such as ST, but 
only 3*014 cms. long. 

The efficiency, power factor, and slip, etc., can now be worked 
out for this new full load point which gives another point, such 
as B on AZF nearer to F and a line such as AB, at a smaller 
angle to OA. Ilcnco the performance at any load can bo 
determined. 

Further, if T — the torque in pound feet, 
and w = tho angular velocity of tho rotor = 

where n = tho revs, per min. of the rotor at a given B.H.P., 

T__ 

33,000 ' 


then B.II.P. = 


2irnT 33,000 B H.P. 

■ or i = - 


33,000 33,000 2 ; m 

Now since at B tho B.II.P. = 436 and the slip = 6*9 % n 


300 x 93*1 

100 


= 279 r.p.m. 


33,000^x 436 = g21() Jb 
2 tt. 279 


Honoe the scale of the ordinates, such as II U, of tho torque 
circle is known from all other ordinates from tho above, and 
8210 8210 

= jtjj = ■ 3 .7j- = 210-5 lb. ft. per 1 cm. 


Tho maximum torque which the motor can oxert before pulling 
up is represented by JY, and the maximum B.II.P. by JX. 

Tho starting torque corresponding to the current CO is NM. 

The Tleyland diagram becomes more accurate tho smaller the 
no load losses as compared with the copper losses, i. e. the larger 
the motor tested. The performance of tho motor is slightly 
better than given by the diagram, whilo for motors smaller than 
for 4 or 5 H.P. the lino MD should be drawn downwards from 
1) at an arbitrary angle of about 25° to OA for greater 
accuracy, 1 in correcting the small error (slightly affecting tho 
accuracy of the diagram) duo to tho greater proportion of no-load 
to load losses in small motors. 


1 For higher accuracy see Theory of Induction Motors by Diagram, G. 
Ossarma: Zeitschr. Elektrotech. Wein, 17, pp. 223-248 (1899), and Circle 
Diagram, by J. L. la Cour (same journal), 21, pp. 613-645 (Nov. 1903). 
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Note. — If OG be drawn perpendicular to BF produced, then 
AB and OG will always be parallel at all loads and perpendicular 
to BG. 

Tlio sides OB, BG, and GO of the triangle OBG, represent the 
stator current, rotor current, and magnetising current respect- 
ively. Now, in any electro magnetic circuit tho total JIvjc — 

the useful flux -f- the leakage Jinx, while 19 ca bed 

the leakage factor r, which is always greater than unity, and 

\ofaHlux X ™ C!l ^ C( ^ ^ l0 C(,fi J^ en ^ °f Mwjnelic dispersion o- 

which should be always much less than unity. 

In tho Heyland diagram, Fig. 102, tin; leakage factor 
OA OF -f FA OF , 1 
v = FA = -FA~^FA + l 
and tlie dispersion coefficient 

_ ()F _ ()A - FA _,_FA _ 1 

” 'at - oa " 1 oa'~ v • 

(102) Complete Test for Efficiency, Slip, 
Power Factor, and Temperature Rise, 
of Three-Phase Induction Motors. 
(Sumpner and Weekes Method.) 

Introduction. — This method, 1 duo to Dr. W. K. Sumpner and 
It. W. "Weekes, is an application of the principle of the ordinary 
Ilopkinson test of a pair of d.c. dynamos (p. 228) to the test of a 
pair of three-phase induction motors. The arrangement, which 
entirely avoids tho use of a brake, is extremely convenient for 
obtaining the temperature rise due to a long run at any particular 
load, and is shown in Fig. 103 M and G are the two machines 
to bo tested, of which M is made the motor and G the gcnciator. 
Their stator terminals T are connected to the main supply SS, 
which is at tho normal voltage and frequency required by G and 
M. A. bolt B drives the rotor pulleys, which must be of different 
diameters in order to enable the generator G to run at a higher 
speed, and the motor M at a lower speod than that of synchronism. 

1 Communicated by the authors to “Section G ” of the British Association, 
August 22, 1904, at Cambridge. 
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If Du and D 0 are the diamelers of these pulleys : then assuming 
the rotors aro to remain short circuited during the test, the ratio 

must be such as to cause the right slip for tho load 


required. For example, — if the slip of each machine M and G 
= 2 5 % at full load, and if tho probable oflicieney of each =* 85 %, 
then 15 % of the load is lost in each, and tho overload of tho 
motor M = 30 % roughly, corresponding with 2*5 + -^ x 2*5 or 
3*25 % roughly. The other machine G working as a generator 
developes full load and lias a negative slip of 2*5 %. D u and D a 
must therefore differ by 2*5 + 3*25 or 5*75 %, assuming no 
mechanical slip of the belt B on the pulleys. If, however, 1*25 % 
be allowed for this, the pulleys must differ by 5*75 + 1*25 or 7 % 
in diametor, and tho machines under test will, when switched 
into circuit, take a perfectly dofiuito load which can bo maintained 
for any length of time. 

An interesting feature of the test lies in tho fact that G , tho 
machine used as tho generator, gives current of about the same 
power factor as that of the current supplied to the motor M, while 
tho current from the supply mains SS is the difFerouce of tho 
power components of tho machine currents, together with the 
sum of the induclivo components of these currents. Consequently, 
the p >wcr factor of tho main current from SS is very small, and 
may be only £id of that of tho machine current, the main current 
from SS may he equal to, or greater than, that through tho 
machines, while tho actual power taken from SS may bo less 
than ^ of that circulating round the machines G and M. 

Alteration of load with two given pulleys can bo obtained by 
alteration of resistance in the rotor circuits between starter and 
slip rings, or by using a low resistance starter which can stand 
the full load rotor currents. The 0*11 losses in theso rotor resist- 
ances, if appreciable, must bo deducted from tho power taken 
from SS in order to get the total loss in the two machines G and M 
and in tho belt drive. The machines can bo run at various loads, 
with resistance variation such as above, if the pulleys are chosen 
with sufficient difference to obtain the maximum slip roquirod. 

The magnitude of tlio mechanical slip at the pulleys is deter- 
mined by the ratio of their circumferential speeds, a quantity 
difficult of determination with any accuracy in ordinary belt 
drives, buifmost easily found in tho present method. Tl>us — 
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let S F = frequency of the supply current, 

G r - „ „ generator rotor current, 

M t — „ „ motor rotor current ; 

then rati*' of the rotor speeds R~{S F -\G i ) 4- (S F - M t ) and 

ratio of the circumferential speeds of the pulleys = R ^ - 

R.\i 

G and M F can be very accurately determined, and are each small 
compared with S t , so that although S F cauuot be so accurately 
found, the value of R is not much affected by small errors in S F . 

The belt losses are easily determined, as shown in the table, 
and are caused by («) extra bearing fi iction and in bending and 
driving the belt, (/>) heating of the pulleys due to belt slip. 

Apparatus. — The two similar three-phase induction motors to 
bo tested : suitable pulleys and belt ; four alternating current 
ammeters a,, a 2 , A v A 2 ; an alternating current voltmeter V\ four 
wattmeters u' v tr 2 , Up W 2 ; source of three-phase supply SS of 
normal voltage and frequency for which the machines under test 
have been built ; three-throw switch s y 

K.B. — Switches must bo used with the stator connections if the 
rotors are of the “ short circuited ” type, but are not wanted if 
the rotors are supplied with slip v ings and starting resistance. 
Only two wattmeters will be needed if one is connected between 
neutral point and a terminal in the case of each machine, since 
in this caso total power = 3 x power of one coil, which is sufficiently 
accurate for commercial work. Two wattmeters to each machine, 
as shown in Fig. 103, is, however, the best and most accuiate 
arrangement, and has the additional advantage that the ratio of 
the readings of a pair of wattmeters gives the power factor inde- 
pendent of the usual method of getting the power factor from 
true watts 4 apparent watts. With two wattmeters the reading of 
one will be - ve owing to the low power factor of the supply current. 

Observations.— (1) Connect up as shown in Fig. 103, and 
adjust those instruments to zero which require it. 

(2) With the supply S* S’ at the normal voltage and frequency 
needed for d/and G t and the belt B off, close jq, « 3 > and start up 
M and G } which must run in the same direction. If they do not, 
stop them, change the connections at T } and start up again. Note 
the readings of all the instruments, and denote those of u\ and w % 
by w 01 and ic w respectively. 
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(3) Stop M and G , place the belt on, and start up again, with 
only one of the machinos in circuit, and acting as a motor, but 
driving the other by belt with its stator excited and rotor open 
circuited. Note the readings of all the instruments, and denote 
those of iv v w 2 by w Bl and w B2 respectively. 

Thus the bolt loss IF,, = (w Bl + to JH ) - (w ol -f w m ). 

(4) Tn Tests 2 and 3 above, and in all futuro load tests, the 
slip of each machine can most conveniently and accurately be 
determined by measuring tho frequency of the rotor currents by 
suitably shunting any ordinary low reading d.c. voltmeter to tho 



slip rings of the rotor, and noting the number of periods mado 
by the pointer in, say, 20 seconds, these being slow enough to bo 
easily counted. If Af F — number of periods per second, in, say, tho 
case of the motor rotor currents and S, = frequency of tho supply 
current in periods per second, then the slip of tho motor = 

- 5 - 100 %. 

(5) Take readings at different loads, obtained by altering 
tho resistance in the rotor circuit and tabulate as shown on 
page 293. 

Tho values of the losses given in columns 31 and 32 are 
accurate enough for commercial purposes if the two machines 
arc of the same mako and of about the same rated full-load 
output and if subjected to the samo voltage. A greater degree 
of accuracy may be obtained, however, by subdividing these 
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losses. In addition to the diameters of the pulleys indicating 
which machine is the motor and which the generator, the latter 
is the one which must always run at the higher speed. If 
the bolt is removed and the machines run light, the wattmeters 
1F 2 and 1F S will read negatively if G is the generator. 

Column 44 is obtained from tho curve Fig. 101, which is drawn 
in the following manner. 

The ratio of the two readings of wattmeters and TF fi 
connected as shown in Fig. 103, varies from + 1 to - 1. Hence 
the power factor cos. <f> can bo calculated from the readings of 
JFj and JF S by substituting different values of $ (the angle of 
lag) between current and voltage in the formula shown. 



The value of so found plotted against the value of cos. 

t 3 t 

gives the curve, Fig. 104. As an example of the application of 

IF 

this curve, let JFj - G800 watts, IF S « 18000, then = 0*37 

and cos. <f> = 0-77. Again, let IF, = ( - ) 2000 watts, IF. = 
IF 

4000, then -jp 1 = (-) O'uO, and cos. ^ = 0'18. 
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(103) Relation between Efficiency, Slip, 
Torque, Load, etc., in an Induction 
Motor with Variable Rotor Circuit 
Resistance. 

Introduction. — The present test is obviously just an extension 
of, and similar in almost every way to, test No. 100, which 
is therefore repeated hero but with different amounts of the 
starting resistance (r) in circuit instead of it being all cut out 
to short-circuit as in that test. Consequently there will be 
one set of curves, such as was obtained in test No. 100, for each 
different value of rotor circuit resistance used in the present 
investigation. 

Further, if, say, five different rotor circuit resistances were 
used, giving five complete sets of curves as in test No. 100, then 
any of the variables plotted, say, against load, for tho different 
constant rotor resistances can be transferred and rcplotted against 
rotor resistance, e. g. there would be five oHieioncy-load curves, 
then if a straight line was drawn through, say, full-load point, 
parallel to the axis of efficiency, and cutting the five efficiency 
curves; the five different efficiencies obtained by tho five inter- 
section points can be plotted aga ; nst the five values of rotor 
resistance of the efficiency-load curves to give a curve of fivo 
points between efficiency and rotor resistance only. 

If K s — KM.F. induced in each stator circuit duo to the 
rotating field, 

y a X M = number of turns per phase in each stator and 
rotor winding respectively, 

= angular velocities of rotating stator field and rotor 
respectively, 

r R = resistance of each rotor circuit, 

L r — self-induction of each rotor circuit, 

]) = number of pairs of poles in the rotating stator field, 
f~ frequency of the stator supply voltage and 
currents, 

K — the slip. 

Then we have K ~ and tho frequency of the induced 

E.M.F. and currents in the rotor circuits will = “ — - 2 x/** 
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Kf= slip in cycles per sec., and it can be shown that tho 
running torque T is given by the relation 

FWr tt K _ N£E a *r M K 

( A' Ljt)' ] -f /j?) ~ = + 

P 

where f/p ~ speed of the stator rotating field in 

revs, per sec,, 

and fZvflp = oq = its angular veloeity, 

K2v/L m — reactance per rotor circuit when in 
motion and which is oc to slip, 

and KWfLtf + r£ = (impedance) 2 per rotor circuit when in 
motion. 

Further, if A a =-= current per phase in tho rotor, and F ~ 
leakage flux, then the cocflieient of self-induction j)er phaso of 

the rotor = ^ henries, which can also be calculated from 
HPU* 

the shape of slots and winding in them. 

The above expression for T shows us that the running torque 
T of tho induction motor is cc to the square of the stator 
voll age, i.e. to the square of the slater flux, and increases 
as both the supply frequency and reactance per phase of the 
rotor decreases, becoming a maximum (bJ) when 

r r n _ __ NJVJp 
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Fio. 105. 


Thus, since the last expression for the maximum value of tho 
running torque does not contain r R) we see that it is constant 
and independent of the rotor circuit resistance, but for different 
values of rotor resistance will attain tlie same maximum value 
bd at a different slip, as indicated in Fig. 105. The motor starts 
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at 0 with 100% slip and roaches the same maximum running 
torque hi = og for slips of cd% and co = 100% ( i . e. full speed) 
respectively, with rotor circuit resistances ri and r R ; since the 
stator current depends on tho constant no-load current and 
rotor current, and the latter will always bo the same for a 
given torque, it follows that each value of torque will have 
a definite stator current which is independent of the rotor 
resistance. 

Apparatus. — Precisely that for tho preceding efficiency-load 
test No. 100, the starting resistance in the rotor circuit being 
of sufficient current-carrying capacity to enable it to carry, 
without overheating, the full-load rotor currents. 

Observations.— Connoct up as in Fig. 100, and carry out 
the tests precisely as directed in that test, for as many different 
values of starter resistance as possible. 

Tabulate as shown on p. 276, adding two extra columns for 
values of starter resistance ( r ) and total rotor circuit rcsistanco 
r M = {r w -f r) respectively. 

Plot the following curves having torque T in lb.-ft., and rotor 
current A R as ordinates with percentage of full speed (or slip), 
and stator current A s respectively as abcissm for each value of 
rotor circuit resistance (r R ). 

Also curves having efficiency, power factor, slip and true 
stator watts absorbed us ordinates with B.il.P. as abcissoe for 
two widely different values of r R . 

Inferences. — From a careful study of tho numerical results 
and curves state clearly what can be deduced. 


(104) Relation between the Starting Torque, 
Current, Voltage, and the Rotor Circuit 
Resistance of an Induction Motor. 
(Rotor at Standstill.) 

Introduction.— Under these conditions the slip will be 100%, 
since the speed is zero. The power absorbed will include both 
iron and copper losses, and the motor will approximate to a 
Btatic transformer with a non-inductive secondary load. 

Now the frequency / of the stator supply will also bo that 
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of the rotor circuits when at rest, and if we put K = 1 in the 
expression for the running torque (p. 295), sinco the rotor is 
now stationary, it will bo seen that the starting torque T 0 is 
given by tho relation 

T _ Wn 

J9 -Nf**f&fL M Y + rj ' 

P 

where / — speed of the rotating field in revs, per sec. and 

P 

its angular velocity, (2 tt//^) 2 -f i'r = the square of the im- 
pedance, and 2-irfLji — tho reactance per phase of the rotor 
when at rest. From tho above relation we see that the starting 
torque T 0 is oc to tho square of the stator voltage, e. to the 
square of tho stator flux, and increases as both the supply 
frequency and reactanco per phaso of tho rotor decreases, 
becoming a maximum when 2i rfL R = r a . 

For this last condition— 


wo therefore have tho following most important deductions, 
namely, that for a given supply frequency, tho starting torquo 
is a maximum when the resistance and reactance of the rotor 
circuits are equal and each as small as possible. Since the 
rotor currents are a maximum at starting, the present test 
enables the maximum value of tho starting resistance to bo 
obtained under either of two conditions: namely, (1) for 
maximum starting torque, or (2) for maximum safe starting 
rotor current. In the former, by measuring tho values of L a 
and r w per phaso winding of the rotor we know that for maximum 
starting torquo 2 tt/Z a must = r w -f r, whence the external starter 
resistance must have a maximum value r = 2 t t/L x — r w ohms 
per phase. 

In the latter, if V s = the standstill slip-ring voltage at 

y 

normal stator volts and frequency, then = the standstill 

volts per phaso winding, whence r = —~ i R — ohms per phase for 

v 

a maximum safe starting rotor current J e . Tho gradation of r 
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between this maximum value and 0 depends on the number of 
switch contacts and sections chosen. 

Apparatus. — That detailed for the no-load short-circuit test 
No 08, using an induction motor having a slip-ring rotor 
connected to the usual form of three-phase equal variable 
starting resistance of a current-carrying capacity sufficient to 
allow the necessary time for taking readings without over- 
heating In addition, a block brake and le\cr, preferably similar 
to that shown in Fig. 95, will be needed to measure the torque 
exerted by the shaft. 

Observations.— (1) Connect up as in Fig. 100, levelling and 
adjusting to zero such instruments as need it. On starting up 
see that all lubricating arrangements are feeding properly. 

Startin') Torque with Rotor Circuit Resistant for a Constant 
Supply Yoltuye and Frequency.— (2) Adjust the supply frequency 
/ to the normal value for the motor and the supply voltage V 8 
to some convenient value, if necessary lower than the normal 
value for the motor in order to avoid excessive rotor currents 
and keep both constant. Then read the spring balance and all 
other instruments as quickly as possible, when (/•) is moved one 
contact stud at a time from Us “full in” position to such a 
position nearer that of short circuit at which the rotor current A u 
reaches a safe overload ’value. Finally measuiing the resist- 
ance of each rotor circuit corresponding to each contact-stud 
position. 

Starting Torque with Supply Frequency for Constant Rotor 
Circuit Resistance and Supply Voltage. — (3) With the supply volt- 
age Vg and starter resistance r adjusted to convenient values for 
giving safe maximum rotor currents and kept constant, read 
the spring balance and all the other instruments as rapidly as 
possible at each of a series of supply frequencies (/) between 
the maximum and minimum values possible and convenient. 

Starting Torque with Supply Voltage for Constant Rotor Circuit 
Resistance and Frequency— (1) With supply frequency and starter 
resistance r adjusted to convenient coustant values, read the 
spring balance and all instruments as rapidly as possiblo at 
each of a series of supply voltages V 8 between maximum and 
minimum values giving safe maximum rotor currents, and 
tabulate all your results as follows — 
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Motor: No. . . . Typo . . . Maker . . . 

Full load : Volti «... Atupa. - . . . Speed - . . . Frequency . 
Res. per pliase winding of rotor r w =» ohms. 

Let ernge of Spring Balance from Shaft Centie (1) => ft. 


Balance Pull 

W lbs. 1 

gs 

EH 

& 

u 

| 

Frequency /. | 

h!* 

OQ 

p 

V) 

'S 

3. 

I 

True Watts. 

3 

a 

fir 

< 

1 - 1 * 

& £ 

$ f 

0 

u 

< 

Rolor. 

O 

0) 

3 

[3 

s 4 

-H 
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IF 

b 

fc* 

0 

ft! 
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3 * 

ui 
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If 1 

H«ft! 
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!_ 






' 








(5) Pint curves having values of A S) A R , and 7’ 0 as ordinates, 
with values of (r R ) from obs. 2 as abscissa?, also curves having 7 T 0 
as ordinates with («) frequency (/) from obs. 3, and (/;) staljr 
supply \olts ( \\) from obs. 4, (■_■) stator amps, A s , and (</) rotor 

/T 2 \ 

amps. A r . An additional column for values of 7 T 0 — ( - *- ) might 

VOr 

be added to this table in order to see how nearly this ratio is 

y. 2 

constant, i.e. how nearly the starting torque isoc to . 

J r * 

Inferences.— From a careful study of the numerical results 
and curves, carefully point out all that can be deduced. 


(105) Determination of the Efficiency, B.H.P., 
and other Characteristics of Single 
Phase Alternating Current Commutator 
Motors. 

Introduction.— The comparatively small starting torque of 
the induction motor to that necessary for electric traction work 
has led in recent years to the production, improvement, and 
utilization on an increasing scale of the so-called alternating- 
current commutator motor. It is well known that any ordinary 
direct-current series or shunt-wound electric motor will run in 
ono and the same direction whichever way the supply current 
flows through it, for with every reversal of the supply current, 
the magnetization of both field and armature will also be simul- 
taneously reversed, and the motor will continuo to run as if 
nothing had been changed. Froni this it follows that any 
ordinary D.U. machine will run as a motor when supplied with 
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A.C., though inefficiently owing (1) to the large eddy-current loss 
duo to heavy eddy currents which would be set up in the solid 
field system by reason of the rapid reversal of the magnetization, 
and (2) the demagnetizing effect of such currents on the field. 
If, however, the field system is well laminated, like the armature 
of any machine always is, the machine would run with reason- 
able efficiency on an A.C. supply, but will develop less power 
than when run with D.C., of tho same mean voltage, owing to 
the smaller current and flux, and to the larger internal losses 
due to eddy currents and hysteresis resulting from an A.C. 
supply. 

Tho field magnets of A.C. commutating motors are either 
bi-polur or multi polar, whether of the projeeting-pole form used 
in D.C. machines, or of the cylindrical form with uniform air-gap 
as used in induction motors, and with definite polarity produced 
by tho windings but not otherwise so evident. The armature, 
however, presents the usual appearance of D.C. forms, although, 
along with its commutator, embodying features mentioned later 
and necessary for ensuring satisfactory operation. 

These features will be appreciated after a brief consideration 
of the actions taking place in the machine, but at the outset it 
should be realized that a single-phase series-wound commutator 
motor, built on the best possible lines for a given voltago supply, 
will operate in every way as well, but even more efficiently when 
run from a D.C. supply of the same voltage. In fact, such 
motors have to run on A.C. in some parts and on D.C. in other 
sections of certain tramway undertakings. 

Now, considering such a series-wound motor with (for 
simplicity) a two-pole field, and hence with one pair of brushes, 
with a D.C. supply, producing a unidirectional field in the 
poles and through the armature , there will be set up a uni- 
directional induced potential difference (P.D.) having its 
maximum value between the brushes, i. e. along tho “ diameter 
of commutation” which, with the motor running light, will be 
coincident with the “neutral axis’' and perpendicular to the 
direction of the fixed field. This induced P.D. (or “back 
E.M.F.”) is set up solely by reason of the forced rotation of 
the armature conductors across tho field, by tho supply current 
flowing in them, and with a given field is entirely due and 
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directly o r. to tho speed (74) of rotation. On the other hand, 
with an A.C. supply producing an alternating field in the poles 
and through the armature , there will be set up two distinct 
alternating P.D.s: namely, (1) the induced P.D. having its 
maximum vulue between the brushes exactly as mentioned 
above, and with a given field entirely due and directly a to 
the speed (?t) of rotation ; it is in phase with the field and also 
practically with the current, and consequently not in direct 
opposition of phase with tho supply E.M.F., and (2) the self- 
induced P.D. having its maximum value between two points 
in the armature winding on a diameter perpendicular to the 
diameter of commutation. This self-induced P.l). is set up 
solely by reason of the transformer action due to the armature 
conductors cutting tho alternating field, and will lag in phase 
behind tho field flux by an angle of 90°. Its magnitude will 
depend only on the strength and rate of reversal (L e. tho 
frequency/) of the alternating field, and in no way on whether 
tho armature rotates or is stationary. It has no effect on the 
action of the motor, nor on the supply ; consequently, due to the 
main field, in the rotating armature of a single-phase commutator 
motor, there are induced two entirely distinct E.M.F.S -one 
caused only by and directly oc to the speed of rotation, the 
other caused only by transformer action and directly oc to the 
supply frequency. 

Now, when a current flows through the armature, the latter 
becomes a powerful electro- magnet, the two halves of the wind- 
ing in parallel between the brushes producing two similar semi- 
circular electro-magnets having a consequent north and a 
consequent south pole situated in the diameter of commutation, 
and at a distance apart equal to the diameter of the armature core. 
The flux of this armature magnetization will be in phase with 
tho current, and have a direction therefore perpendicular to the 
main field flux, or in line with tho diameter of commutation, 
giving rise to the phenomenon commonly known as armature 
reaction. It will react on the main flux in three ways: (1) by 
distorting and dragging it round in the direction of rotation, 
(2) by inducing in the armature conductors, as they rotate 
through it, an E.M.F. along an axis parallel to the main field, 
but which will not in any way affect tho action of the motor, 
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(3) by inducing, through transformer action on the armature 
conductors, an KM F. of self-induction 90° in phaso behind 
tho current and acting along an axis joining the two brushes. 
The value of this self-induced or reactance voltage of the armature 
is LfilirfA wl ere L a ~ eoeilicient of self-induction of the arma- 
ture winding carrying a current A, and / = tho frequency of 
the current A, which in this case is that of the supply to tho 
motor. Since the motor is series wound, the same current A 
will flow in the field- winding which will have a coefficient of self- 
induction L r Consequently the series field coils will introduce 
into the circuit a self-induced, or back, or reactance voltage 
= LplirfA. Thus the total reactance voltage of the motor 
will = 2irfA(L F + L a ). Now the reactance of the machine has 
tho disadvantage of reducing the power factor of the circuit, 
and should therefore bo minimized as far as possible. 

That due to the field coils cannot be reduced, because the 
chief cause of its existence, viz. the flux, is also necessary for 
the operation of the machine as a motor. 

The reactance of the armature can, and is, compensated for 
by an additional winding on the field system midway between 
the main field windings, and producing a flux equal and opposito 
to the reactance field of the armature, and which is connected 
either in series with the circuit or short-circuited on itself. In 
either case the effect is the neutralization of the armature reaction 
flux and reactance and an increase in power factor. Again, 
although the self-induced voltage in the armature coils, due to 
transformer action and main field has no effect on the action of 
the motor, it has an effect on the commutation. For example, 
an armature coil undergoing commutation is short-circuited by 
the brush while inactive, i.e. generating no E.M.F. by reason of 
its rotation across the field. Since, however, in an A.C. motor, 
the coil by transformer action has, during commutation, a jelf- 
induced E.M.F., this will produce in it, when short-circuited 
by the brush, a heavy current which when broken as the segments 
leave the brush will cause sparking and the deterioration of the 
commutator. 

Now, the self-induced E.M.F. of a coil decreases with a 
decrease in the number of turns, and if the circuit of the coil is 
broken before the current has time to attain its full value the 
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spark will be decreased. Henco in commercial singlc-pliaso 
commutator motors, sparking is minimized by (rt) having as 
few a number of turns per armature coil as possible, (b) an 
increased number of coils and peripherally narrower commutator 
segments and brushes, (r) as small a supply frequency as 
possible, (d) brushes of special composition. The narrower seg- 
ment in (b) reduces the time during which an armature coil is 
short-circuited and reduces the short-circuit current in it. 

The single- phase A.C. motor possesses much tho same 
characteristics as the D.C. form, being a variable speed motor, 
giving maximum torque oil starting which decreases with increase 
of speed, and is oc to armature current, but independent of 
power factor. It will tend to race in speed on suddenly re- 
moving the load. Further, since the current is simultaneously 



reversed in armature and field, the torque will be undirectional 
though pulsating. 

Apparatus. — An A.C. supply E, preferably a motor-driven 
alternator having a speed and field control independently 
variable between wide limits; ammeter . A ; variable non-in- 
ductive rheostat R ; frequency meter (/) ; voltmeter V with 
two two-way keys K l A \ ; wattmeter U r ; switch S; and single- 
phase commutator motor, to be tested, of which tho series field 
windings are / T and (n) the armature. 

Observations,— (1) Connect up as in Fig. 10G, levelling and 
adjusting to zero such instruments as need it. N.B. — With a 
town’s supply for E, tho rheostat R will be needed to start up 
M and for regulating tho current afterwards, otherwise with a 
motor alternator this may be done by field excitation. 

(2) With R or the alternator field rheostat full in, and the 
armature shaft clamped to prevent it rotating, close S and adjust 
the frequency f to the normal value for the motor. Now 
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gradually raise the voltago until A reads the full-load current 
of the motor, and note the readings of f A, IK and V (when 
switched by K l A r 2 across («), (A’), and (a -J- F), giving readings 
V a , Vp and V respectively). 

(3) For t 1 is samo value of V and / unclamp the armature 
shaft so as to see what all the instruments, including tachometer 
V a , V, and V, will read when the speed has risen to a constant 
value (which must nob be excessive), the shaft running quite 
“ light.” 

(4) With normal frequency, and the motor running perfectly 
“light,” read all the instruments and speed at each of a series 
of voltages V between 0, 25% above normal value. 

(5) Repeat obs. 4 with constant normal voltago and wide 
variation in frequency. 

(6) With tho normal frequency (/) and the motor running 
light, alter V so as to obtain normal speed on tho tachometer, 
and note the readings of f A, IK, V a , V f and V. 

(7) With this same value of speed and / load up the motor 
to about 25% above full load in some eight or ten successive 
steps, noting the readings of all the instruments, tho speed 
being kept constant by raising tho voltage V. 

(8) With the motor running light at constant normal 
frequency, obtaiu the maximum safe speed allowable, note this 
and also the values of V, A and IK ; next apply about ten 
different braking loads up to about 50% above normal, noting 
the values of the speed V, A and W at each— V and f being kept 
constant. 

Tabulate all your results as follows — 


Motor Tested : No. — . . . Type . . . Maker . . . Weight - , , , 

Full load: B.II P. «=■ . . . Arapi - . . . Volts — . . . Speed — - . . Frequency — . . | 
Resistance : Armature (worn) r a — ohms. Scries coils (worm) F — ohms. 
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(9) Plot the following curves — 

From ohs. 4 between voltage V as abscissae with speed A and 
W as ordinates. 

From obs. 5 between frequency f as abscissae with speed A 
and W as ordinates. 

From obs. G and 7 between loads U x as abscissae with values 
of % cos <£, II x and A as ordinates. 

From obs. 8 between speed as abscissae with values of 2 
and 1I X as ordinates. 

From obs. 8 between toiquc as abscissae and values of speed 
and A as ordinates. 

Inferences.— State clearly all that can be deduced from the 
tabular results and curves. 

(106) Relation between the Field Excitation 
and Armature Current, or the “V” and 
other Curves, of a Synchronous Alter- 
nating-Current Motor Running Light or 
at Constant B.H.P. 

Introduction.— All alternators, whether single or polyphase, 
are reversible machines, and will run as motors synchronously 
with the periodicity of the A.C. supply to their armatures, the 
field system being in all cases supplied with a separate source of 
direct current. 

Synchronous motors are, however, not self -starling, for at every 
succeeding rapid reversal of the A.C. supply, the armaturo coils 
receive equal impulses but in opposite direction, and hence thero 
is no resultant torque. If, however, the motor is first started 
up and run by some other driving source of power, at such a 
speed that any armature conductor passes through the distanco 
between the centres of two poles (/.<?. the pitch) in half the 
periodic time of the A.C. supply, then on switching it on to tho 
supply it will continue to run as an efficient A.C. motor in dead 
synchronism with the supply frequency, irrespective of load, so 
long as this is not sufficient to pull it out of step with the supply 
current. 

A single-phaso synchronous motor therefore develops an alter* 

x 
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nating armature polarity and torque which reverses with the 
rapidity of reversal of the A.C. supply, thus producing unidirec- 
tional rotation. On the other hand, the currents in the phase 
windings of a polyphase synchronous motor combine so as to 
form a c .nstant polarity of fixed position relatively to that of 
the field, so causing a unidirectional torque and rotation. 

Apparatus. — Sources of A.C. supply to synchronous motor 
and of D.C. supply E 2 to starting motor (in) and field of M j 
switch A; lamps L x L . y ; A.C. ammeter A, voltmeter V, wattmeter 
TT ; D.C. ammeter a, voltmeter v. Field ammeter a ft rheostats 
rh and r h switches Sj and with staitrr or main variable 
resistance (r). 



Note —The lamps LJj 2 should be stamped for a voltage, each 
equal or even 10% higher than that of J/, so as to avoid burning 
them out while synchronising. 

Observations.— (1) Connect up as shown in Fig. 107, levelling 
and adjusting to zero such instruments as require it. On start- 
ing the machines, see that their lubricating arrangements are 
working properly. 

(2) The Synchronising or starting up of the A.C. motor under 
test can be effected as follows : with S and S / open and (r) off, if a 
starter, or “full in,” if a variable rheostat, close S m and operate 
(r) so as to start the machines up to about the normal speed 
of M ; now close S f and adjust r, rh and r f until V indicates the 
same voltage as that of the supply E v and the lamps L } L 2 cease 
to blink and go out definitely with a slow period. At this 
moment close S and open N m when the A.C. machine M will 
continue to run as a synchronous A.C. motor at a speed entirely 
governed by, and directly proportional to, the supply frequency. 
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Note. — At the above moment of closing S, the back E.M.F. 
(F) of M will be not only practically equal to, but also exactly 
opposite in phaso with (*. e. differ by 180° from), that of the 
supply E v 

The starting up may also be effected by one of the special 
forms of synchroniser now made for the purpose, e. g. the 
rotatory type or synchroscope of Messrs. Everett, Edgcumbe <k 
Co., the characteristics of which are as follows : with the supply 
and the motor connected to the respective pairs of terminals 
on the synchroscope, the speed and field of M are adjusted until 
the frequency of M = that of the supply (indicated by the 
rotating pointer coming to rent ), and the voltage of M is equal and 
opposite in phase to that of the supply (indicated by the pointer 
taking the vertical position) ; under these conditions, the dial will 
show a white light and S can be closed. Briefly, therefore, 
close main switch when pointer stops vertically and white light 
shows. If M is running too fast, the pointer rotates clockwise 
and a red light shows, whereas if M is running too slow, the 
pointer rotates counter-clockwise and a green light shows. 

Two- and three-phase machines are synchronised by the same 
single phase instrument with its 2 pairs of terminals connected 
across any one phase, cither side of the main switch contacts 
of that particular phase. With the motor M under test running 
synchronously with the A.C. supply, the following very interesting 
and important investigations can be made, namely — 

(3) With S m open and r and rh “full in,” M will (unless 
coupled to and released from m by an electro magnetic clutch) 
simply be turning it against the small windage, brush, and 
bearing frictions, and will therefore practically bo running light 
itself. For this no-load condition at normal supply frequency 
and voltage adjust r s to obtain minimum reading on A, and note 
simultaneously that of V \ IF, a f and the speed. 

(1) Next vary r n and hence tho exciting current (a), by a 
series of steps, above and below the value found in obs. 3, as will 
raise A to a value not exceeding 25% over load , in each case 
noting F, IF, a h A and the speed at each excitation. The supply 
voltago V and frequency being kept constant throughout at the 
value of obs. 3. 

(5) Repeat obs. 3 and 4 for constant B.H.P. load outputs 
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from M of say J, { and full load respectively at the same 
constant supply volts and frequency , taking that value of ay 
giving minimum main current A as the starting point of the 
“up and down series” of (a,). 

Note.- -The brake load can most conveniently bo taken up 
electrically in tho coupled D.C. starting motor m by causing it 
to act as a D.C. generator and send current through a suitable 
current rheostat to be connected in series with a switch (neither 
shown in Fig. 107) across the points P and Q. In this case (?•) 
must be short-circuited and special precaution taken to keep S m 
open. 

The product v . a — the power absorbed in the added rheostat, 
and, if the efficiency of M is known, the actual B. H.P. developed 
by M is at once obtainable, otherwise with constant excitation 
of (m), the power absorbed by it will be roughly oc to tho 
currents (a) developed, and therefore to the B.II.P. given by M. 
Tabulate all results as follows — 

Synchronous Motor : No. . . . Mulccr . . . Typo . . . 

Full load (normal) : B.H/P. - . . . wilh Amps, at , . . Volts, and Speed * r.p.in, 

D.C. SUrting Mutor Full load Amps. - . . . Volts. - . . . Speed =- . . . 

Efficiency 5 “ at . • . load. 
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(6) Plot curves for running light and for each load on U 
having (1) amps A, (2) power factor (cos <£), and (3) watts W 
as ordinates with exciting current (ajj as abscissae in each case. 

Inferences.— From a careful study of the shapes of the curves 
and of tho tabular results, state what can be deduced. 
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(107) Efficiency and B.H.P., with other Char- 
acteristics, of a Synchronous Motor run 
from a Constant Voltage and Frequency 
Supply at Constant Excitation. 

Introduction. — In view of the peculiar relations existing 
between the excitation and other factors as determined in the 
last teat, and the use of the synchronous machine for raising 
the average working power factor of a supply system, it is both 
interesting and important to see what effect load has on the 
same factors. This is apparent when determining the efficiency- 
load curvo of the machine in the present test. 

Apparatus. — Precisely that for test, No. 100. 

Observations.— Carry out obs. 1, 2, and 3 of test, No. 100, 
exactly as stated. 

(4) With the supply voltage V and frequency f each kept constant 
at the normal valuo for tho motor J/, and with the excitation («,) 
kept constant at the value noted in obs. 3 (namely that giving 
minimum armature current A), take a series of brake loads on M 
rising by about equal amounts up to about 25% over load, 
noting tho readings of V, TF, a J} A speed, and output factors at 
each load. 

Note. — As the beating of a machine is tho factor limiting the 
maximum safe output, it is desirable to estimate the brake 
loading by roughly equal amounts of main current A up (0 about 
or even 50%, over load if kept on only a few minutes, 
calculating and taking the lkll.P. corresponding to such curront 
values. The method of loading tho motor M may ho that 
indicated in the Note, obs. 5, test No. 10G. 

(5) Repeat obs. 4 for two or three higher — and two or three 
lower — constant values of excitation («,) than that used in obs. 4 
above, which gave minimum value of A, and tabulate as per 
schedule shown on page 308, but adding one extra column 

for efficiency ( ~ of M at each load. 

\ Jt.li.P. absorbed/ 

(G) Plot the following curves, namely, having in every case 
ll.H.P. outputs as abscissae with (1) efficiency, (2) amperes A, 
(3) watts W, or E.1I.P. absorbed, and (1) cos 0, as ordinates 
respectively. 
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Inferences.— From a careful study of the figures and also of 
the shape and rclativo dispositions of the curves, stato what can 
be deduced. 

Relations between the Supply Factors of an 
Alternating Current and the Constants of 
the Circuits supplied. 

General Remarks —Every electrical circuit possesses three 
distinct qualities, namely — 

(i) Electrical — or ohmic resistance, depending on the length, 
sectional area and material of which it is made. 

(ii) Electrical— or electrostatic capacity, depending on the 
length, surfaco, form and the specific inductive. capacity of the 
surrounding dielectric. 

(iii) Electiical — or self-inductance, depending on the shape, 
form and magnetic permeability of the surrounding conducting 
material. 

All of these qualities are always present in every circuit what- 
soever, but it may happen that one or raoro of them are so small 
as to be negligible from a practical point of view. Thus we are 
accustomed to speak of some special circuit as possessing only 
one of them, any two, or all three of them at once. It is often 
of the utmost importance to know the nature of a circuit, with 
roferonco to the above qualities, when alternating currents are 
employed, for the presence of ono or more of them in such a 
circuit may be very troublesome or may be a necessity according 
to circumstances. Theory dictates that variation in the period- 
icity of the alternating supply causes, in some cases, a consider- 
able change in the working results of a circuit, and it is with a 
view to clearly elucidating the effects of variation of frequency on 
circuits in which one or more of these qualities predominate that 
the following tests have been devised, and also of determining 
how such variations affect the power absorbed in the circuit, and 
also the corresponding variation of temperaturo (if any). In all 
cases the power is to bo measured by a Wattmeter as nearly non- 
inductive as it is possible to have it, for it will then give a true 
measure of the power absorbed. The results to be expected, as 
dictated by theoretical considerations, are as follows— 
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Let A = J mean sq. value of current in amperes flowing in the 
circuit. 

V = ^moan sq. „ „ voltage acting on the circuit. 

It =- ohmic resistance of the circuit. 

Jj = its self-induction in henries. 

C --= its electrostatic capacity in farads or C x 10 6 micro- 
farads. 

p = the angular velocity of the alternating supply = 2tt x 
frequency. 

Then we have for circuit possessing — 

V 

R only : — A = jr 
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C (only ) : — A =~~Cpr, 

Up 

tbo current now being 90° in pliaso in advance of the voltage. 

I (only):—. A~ I, 

Lp 


the current lagging 90° in phase behind the voltage. 
y 

— = Impedic Resistance. 


The radical denominators in the three expressions for A are 
termed tho apparent or effective resistances of tho circuit con- 
taining tlioso particular qualities, though one of these, namely 
Jly -j- li\ is very generally termed the impedance of tho 

circuit. Tho terms Lp. JL and ( Lp ^ are called tho 

Cp, \ r Cp/ 


remtances or reactive resistances of the circuit, and when multi- 
plied by the current gi\o tho reactance voltage. The phase 
relations arc shown by the vector diagram OBD y Fig. 108, and 


D 



if each voltage is by the current wo shall get a proportionate 
Scalar diagram (£. e. without arrows) in which 01) = apparent 
resistance, OB = ohmic resistance, and BD — reactanco or in- 
ductive resistance, while OA = the current. It will now be 
obvious that if the ohmic resistance is extremely small (for it 
cannot be zero) tho impedance becomes = tho reactanco, but 
when tho ohmic resistance is large, tho impedance is affected by 
it considerably. Again, since tho term for reactanco contains 
p cs 2 r X frequency, it is directly oc to frequency, while ohmic 
resistance is independent of frequency. 
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Further, impedance depends on the remaining component 
factor, namely, self-induction, which latter in most cases is due 
to a coiled circuit surrounding iron. Now, the self-induction of 
a circuit depends on the linkage of turns with magnetic field, in- 
creasing directly with the latter and with the square of the former. 
Thus it depends on the current, which in turn decides the degree 
of magnetic saturation of the core. The self-induction of the 
armature of an alternator is really only an average of several 
values obtained for different positions of the armature coils 
relatively to the field poles, and it affects the “ wave form ” of the 
voltage generated. Sinoe the self-induction L is directly cc to 
the mean permeability (/j) of the magnetic circuit, it follows that 
in cases where R is small compared with the Lp , the impedance 
will vary nearly hi direct proportion to /x, consequently a curve 
between impedance and cui rent will approximate to the orthodox 
permeability curve of the core. 

On the other hand, with a low resistance winding, the voltage 
absorbed in it, due to the term AR, is so small that the voltage 
at tho terminals is practically that duo to self-induction only, 
and hence directly <x to the core fiux. Thus a curve between 
terminal voltage and current will have the shape of that part of 
tho magnetization curve between the origin and “knee," the 
higher parts of tho curve being absent owing to the low degree 
of magnetic saturation used in tho cores of A.C. plant. 

Turning now to considerations relative to capacity, the funda- 
mental definition of an electrical condenser being that of two 
conductors (called tho coatings), separated by an insulator (called 
the dielectric), it follows that on connecting the coatings to a 
source of E M.F., positive and negative quantities of electricity 
will flow on to them in raising them to the samo difference of 
potential as that of the source. Tho attraction between these 
two quantities sets up a corresponding stress in tho dielectric 
and causes them to remain “hound” after the charging source 
is removed. Tho charge of the condensor is measured in 
coulombs, and is tho quantity Q (which = tho current in amps X 
time of flow in seconds) necessary to raise tho voltage between 
the coatings to the value V of the source. Thus, if C donotes 
the capacity of the condenser, we have Q = CV, or the capacity 
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currents as distinguished from the self-induction of a coiled 
circuit which is not constant, when containing magnetic material, 
but varies with the magnetic saturation of the core, and hence 
with the current. If the source of KM. If. is an alternating one, 
the state of .barge of the condenser will follow exactly the 
change of voltage, reaching a + '* and — ro maximum, each onco 
in every period of tho supply. While, therefore, the current 
flowing in an A.C. circuit containing a condenser is actually a 
charge and discharge current alternately , and docs not flow con- 
tinuously through, owing to the impassable dielectric insulation, 
an A.C. ammeter placed in the same circuit, by its steady reading 
and inability to follow the rapid pulsations of current, makes 
it appear as if tho current really passed through the condenser, 
though it does not do so. 

Again, the internal or ohmic resistance of a self-inductance 
affects the corresponding impedance, while the internal resistance 
of a given condenser has no such effect on the corresponding 
impedance. From the relation already given for the current in 
amperes A = CpV -f 10°, where C = the capacity in microfarads 
and V = terminal pressure in volts, it will be seen that at the 
smaller pressures of 100 ’volts or so at about 50 ~ per sec., a 
considerable value of (f/) will be needed to give an appreciable 
current. Since, therefore, the capacity available is usually well 
under 110 mfd.s, only a small current will result. In this case, 
care should be taken that the voltmeter used does not affect 
the voltage across the points between which it is applied, a 
condition fulfilled by the use of an electrostatic voltmeter. 

The tests which immediately follow are arranged to show tho 
variation of the quantities indicated with the factors composing 
them, only ono of which must be varied at a time in order to 
test its influence on the main quantity. 


(108) Determination of whether a Resistance 
is truly Non-Inductive at any Frequency 
and Current. 

Introduction. — As in nearly all laboratories there is usually 
a shortage of rheostats, more particularly those of a non-induc- 
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tive nature, which are essential in the majority of A.C. tests, the 
present determination is both instructive and useful. 

It is obvious that any inductive resistance must possess some 
ohmic resistance, while a so-called ohmic resistance usually 
exhibits some slight inductiveness. Carbon plate, liquid and 
glow-lamp rheostats are usually taken to be non-inductive for all 
practical purposes, which they are, especially the two first named. 
Since carbon filament lamps are usually employed in lamp 
rheostats in pure parallel combinations, the inductivencss of oue 
lamp with its filament of one or more turns is finite though very 
small, and hence that of any combination is still smaller and 
practically nil. 

Liquid rheostats usually consist of two or more metal plates 
dipping into a container of water, the conductivity of which is 
increased to any desiied extent by the addition of a little 
common washing soda or aluminium sulphate. Such rheostats 
are undoubtedly less convenient than the eaibon or lamp types, 
because, although electrolytic action with A.C. is negligible, they 
froth and alter in resistance considerably with rise of temp- 
erature, due to the absorption of the power in them. 

Wire-wound rheostats, whether composed of wire spirals 
wound in a continuous spiral or non-inductivcly, are usually 
prominent in most test rooms. How far such rheostats, whether 
wound with high-resistance alloys (usually non magnetic) or with 
iron (which is highly magnetic) are non inductive, is the object 
of the present in\ estimation. With the former, the self-induc- 
tion would be constant for all current densities, but would vary 
with the frequency. Further, the effective or apparent resist- 
ance increases for increase of cross-sectional area of wire with 
alternating current, and the self-induction varies as the (number 
of turns) 2 X sectional area of spiral — length of spiral. 

Apparatus. — Alternator }), capable of being driven at a wide 
range of speeds, so as to obtain a corresponding range of 
frequency at constant voltage V by varying the exciting circuit 
(not shown) ; Siemens electro dynamometer, hot wire or other 
A.C. ammeter A unaffected by frequency; electrostatic volt- 
meter V; non-inductive wattmeter IF; switch S, and resistance 
It to be tested. 

Observations. — (1) Connect as in Fig. 109, and adjust all the 
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instruments to zero. Then 
start J), seeing that the 
lubricating arrangements feed 
properly. 

(2) By field regulation ad- 
just tho voltago V across the 
terminals of R, that a con- 
venient current flows through it as indicated by A. 

(3) Obtain about ten or twelve different speeds of I) from tho 
smallest to the largest practicable and safe, varying the ex- 
citation so as to keep A constant throughout. Note simul- 
taneously the readings of A, V, W and speed. 

(4) With tho speed, and hence tho frequency adjusted to some 
convenient value to bo kept constant, vary the voltage by field 
regulation so as to obtain 8 or 10 different currents through 11 
between 0 and maximum safe value, noting tho readings of 
A, V, W, and speed at each, and tabulate your results as 
follows — 


Name . . . Dati . . . 

Alternator: Peiiods per Revolution K = . Resistance /£ = ... ohms. 

Constants : W.iltmdei «... and A = . . . Nature of Itesistanco R . . 


Speed 

Revs. 

per 

min. 

W 

Ficqucney 

per sr<\ 
KN 

“ do 

Volts 

Seale 

Re. ding of 

Amps 

Tine 

Witts 

Apparent 

Waite 

a A V. 

ajfi. 

V 

Cos 9 


V. 

A 

W. 

a A- 

ir, 

« A'j w. 

a A 

n 

0\ 


1 












(5) Plot curves having values of F and a A as abscissa; in each 

y 

case, and V. cos 6, and — as ordinates. 

Inferences. — State clearly all that you can deduce from your 
experimental results and your curves. 



(109) Measurement of Power Factor in Alter- 
nating Current Circuits. 

Introduction. — Alternating-current ammeters and voltinetors 
measure tho mean or average value of the current or voltage in 
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an A.C. circuit, and the product of their readings is, therefore, 
the product of two mean values. If the circuit is non-inductive, 
this product of the mean or average values is the true mean or 
average value of the power in watts given to the circuit. If the 
circuit is inductive and possesses self-induction or capacity or 
both, the above product does not give the true mean power, but 
only what is commonly called the volt-amperes of apparent power 
in watts. The true mean or averago power in this case is given 
by tho mean or average value of the product (amperes X volts) 
in the circuit, for the mean product of two periodic functions 
rejrresenthuj cwrent and pressure is not equal to the product of 
their mean values. 

Now, tho mean value of the product, which thus represents 
the true power in watts, can ho measured directly by a watt- 
meter, and the ratio 

true power in watts wattmeter reading 
apparent power in watts amps. X volts 
is called the power factor of the circuit, which in practice can 
vary only between the two extreme values 0 and 1. 

This limiting variation, together with the dillcr- 
enee observed between tho true and apparent 
power in watts in an inductive circuit, is explained 
by the fact that the current and voltage in such 
a circuit are not in phase, as will be understood 
by a reference to the so-called vector diagram 
(Fig. 110). Let the voltmeter reading bo repre- 
sented in magnitude (on some convenient scale) 
by the length of a straight line 0 Fund the direction 
of action of the pressure or voltage by the arrow head, i. e. from 
0 to V. 

Thus OF is tho voltage vector. Similarly lot OA be tho 
current vector for the ammeter reading, differing in phase from 
0 F by an angle </>. 

Now OA can be resolved into two component currents at 
right onglcs to one another — tho ono Oa in lino with OF, the 
other (Oh) at right angles to it. Then Oa is called the useful 
energy- or load-current , and Oh tho useless-, idle-, or wattless - 
cwrent, connected solely with the periodic charge and discharge 
of energy in the circuit due to its inductance OaA is therefore 



Fig. 110. 
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a triangle of currents for the inductive circuit in which OA 
is the resultant (or ammeter current) of two other currents, 
namely, an energy current Oa and an idle current aA always 
differing in phase by 90°. Then the product of the ammeter 
and voltmeter readings = 0A X OF— the apparent watts, the 
wattmeter will give a reading = OV X Oa — tho true, or useful, 
watts, while the wattless power will he given by OV X Ob 
watts, which does no work in the circuit. 

Thus from the geometry of tho figure we have the ratio 
true watts _ OV X Oa Oa 
apparent watts 0 V X OA OA 
= cos <{> — the power factor of tho circuit. 

Although obtainable in other ways (vide p. 381), this am- 
meter, voltmeter, wattmeter method is by far tho best and most 
direct one for measuring power factor, and is almost invariably 
employed. 

The evaluation of the power factor cos <f> in the case of single-, 
two-, and threephase A.C. inductive circuits, by this direct 
method, is given on p. 388 ct seq , and in the following test we 
shall restrict ourselves to single-phase circuits. 

Apparatus. — Precisely that detailed for tost No. 111. 

Observations.— (1) Connect up as in Fig. 112, levelling and 
adjusting to zero such instruments as need it. The extremities 
7\T 2 of the combination of C and r are the terminals of tho 
circuit of which the power factor (P.F.) is required. As, how- 
ever, it is sometimes necessary in A.C. testing work to obtain 
either an electrical load at varying P.F. or a variable load at 
constant P.F. with a choker and resistance, it is both useful and • 
instructive to determine the effect on the value of the P.F. of ’ 
changing (A) the ohmic resistance, (B) the inductance (whether 
by change in current stiength or in disposition of magnetic 
circuit), and (C) the frequency— one at a time. 

(2) A. — Note the readings of all the instruments, for each 
position of the two-way key K , for some eight different values 
of (»■)■— the frequency F and current A being kept constant 
throughout. 

(3) B. — Note the readings of all the instruments, for each 
position of the two-way key K, for some eight different values 
of current A, covering the range of current utility of the circuit 
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or appliance in use — the frequency F and resistance r being 
kept constant throughout. 

(4) C. — Note the readings of all the instruments for each 
position of the two-way key K % for some eight different values 
of frequency F — the resistance r and current being kept constant 
throughout. 

Tabulate all your results as follows — ■ 


Coil (C7) : — T.eiifftli — . . No. of turns =» . . Resistance («) «■ . . . dims 

Core : Length = . . . Section* = . . 

Non-Imluctivo ltu*istance (i) : Nalmo. . . 



w 

(5) Plot curves having values of power factor - h as ordinates, 

with values of R r in obs. 2; current A in obs. 3; and frequency 
F in obs. 4 —respectively as abscissae in each case. 

Inferences. -State clearly all that can be deduced from the 
tables of results and the curves. 

(no) Determination of the Effect of Fre- 
quency on the temperature of a given 
Circuit containing Self-Induction and Ohmic 
Resistance only. 

Introduction. — The presont test is devised with a view to 
ascertaining whether change of frequency materially alters the 
tomperaturo of any appliance possessing self-induction and 
ohmic resistance, and for tho success of the investigation the 
coils of tho appliance used should have a low ohmic resistance, 
so that transference of heat due to the torm C~R to tho core in 
which any alteration of temperature is to be observed, may be 
as small as possible. 
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Fig. 111. 


Apparatus.-— Alternator J) capable of having its speed varied 
between wide limits, and whose 
voltage can bo regulated by the 
exciting circuit (not shown) ; am- 
meter A (Fig. 251) ; hollow solenoid 
C to test, having a bundle of fine 
soft iron wires, smaller than the 
internal hollow, to allow of a ther- 
mometer being inserted as well as 
the bundle. 

Observations.— (1) Connect up ns in Fig. ill, and insert the 
core and thermomotcr in the solenoid, covering up the ends with 
cotton wool to prevent external cooling effects duo to the air, etc. 
Noto the temperature when steady. 

(2) Adjust the speed and excitation of D so that the frequency 
has the lowest valuo practicable, and tho current A some con- 
venient value not high enough to heat the coils much. 

(3) Tho speed and current A being kept constant, take the 
temperature T a on the thermometer at successive noted intervals 
of time (tf) from switching on until it remains constant, and 
note also the temperature of the room at intervals. 

(4) Repeat 2 and 3 for the maximum speed allowable, and for 
one intermediate between this and the first-named, tho core 
haiving been allowed to cool down in between each distinct set 
of observations, and the current A being the same. Tabulate 
your results as follows— 


Nature of Coil teste l . . . 

TorioilB of alternator per Revol. /T = . . . 


Dais . 
Form of Coro . 


Temperature of 
Room. 

Tcmperatuie of 
Coro for Start 

r C. 

Tiiuo from start 

t. 

S]>eed Ilovs. 
per min. 

If. 

Ficqnency 
per soc. 

KN 
" C(T 







(5) Plot a curve for each frequency on the same sheet, having 
temperatures T° C. as ordinates, and (j) minutes as abscissae. 

Inferences. — What can you infer from your experimental 
results and the curves! 
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(hi) Variation of Impedance with (a) Self- 
Induction, (i) Frequency, and (c) Ohmic 
Resistance in Circuits having Self-Induc- 
tion and Ohmic Resistance only in Series. 

Introduction. — In this test it will be necessary to vary one 
factor only at a time, keeping the remaining two constant. It 
should also be remembered that, as the coellicient of self- 
induction of any coiled circuit is the number of lines of foreo 
linked with it when unit current flows through it, any change 
in the current will alter the permeability of the magnetic path 
when this is composed partly or wholly of magnetic material, 
and hence also the self-induction. With an air-core the self' 



induction will be constant for all values of current. The variation 
of impedance and self-induction of an iron-cored solenoid with 
the position of the core has already been investigated in test 
No. 118, and the present determination can be conveniently 
made for fixed positions of the core P (Fig. 123). 

Apparatus.— Source of A.C. supply E, preferably a motor- 
driven alternator, the excitation and speed of which are inde- 
pendently variable within wide limits ; switch 8 ; frequency 
meter F\ ammeter A; voltmeter V; wattmeter )V ; two-way 
key K ; two non-inductive variable rheostats and r {e.g. banks 
of lamps or carbon-plate rheostats) ; solenoidal choker C with 
movable iron core. 

Note.— is needed (only if the supply E is from town mains) 
for keeping the current A constant, as r is varied. 2\ T.> aro 
to he taken 4 s the terminals of the impedance. 

Y 
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Observations. — (a) Impedance with Self-induction al Constant 
Frequency and Ohmic Resistance . 

(1) Connect up as in Fig. 112, levelling and adjusting such 
instruments to zero as need it. Start the alternator with field 
regulator “ rull in,” and see that the lubricating arrangements 
are working properly. 

Note. — The following tests, Nos. 2 and 3, can he made on 
a public A.C. supply instead, if desired. 

(2) With the core P clamped centrally in the coil and the 
speed adjusted to give a frequency F (= no. pairs of poles 
X revs, per min. ~ 60) of 50 ~ per sec., close S, and hy field 
regulation obtain some eight different currents on A, rising by 
about equal increments from 0 to the maximum safe valuo for 
the coil C, and note the readings of F, A , W and V at each, the 
frequency F and resistance r 1 icing constant throughout. 

(3) Readjust the field regulator to “full in,” and with tho 
core P removed altogether, repeat 2 for tho samo constant 
frequency and range of currents. 

(&) Impedance with Frequency for Constant Self induction and 
Ohmic Resistance. 

(4) Fulfil obs. 1 above; a variable speed alternator now being 
a necessity. 

(5) With P clamped centrally, adjust the speed and conse- 
quently the frequency F to the lowest convenient value, and the 
current A (by field regulation) to, say, half the maximum value 
for tho coil, to avoid much change of ohmic resistance by 
heating. Note tho readings of F, A, ]V and V at each of some 
eight different values of F between tho lowest and highest 
convenient, obtained by speed regulations, the above valuo of 
ament A being kept constant throughout by field regulation. 

(6) Repeat 5 with the core removed altogether, and for the 
same constant current, and tabulate all the results of obs 2 to 6, 
as shown. 

(c) Impedance with Ohmic Resistance for constant Self-induction 
and Frequency. 

(7) With the core of C clamped centrally and a constant 
frequency F of, say, 50 ~ per sec. adjust the current A to 
about half the maximum safe value for C (to minimize heating) 
and keep it constant throughout (by varying P : with town 
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supply for E or by field regulation with an experimental alter, 
nator for E) for some eight different values of r between 0 and 
the highest convenient, noting at each the readings of F \ A, W 
and F, when the latter is connected by K across T v and r 
respectively. 

(8) Repeat (7) with the coro of C removed altogether for the 
same current and frequency, and tabulate as follows — 


Coil(C): Length * . . . No. of turns ■■ . . . Resistance (/?) — ohms. 
Core . Length =» . . . Section 

Non-inductive Resistance (r) : Nature ... p « 2jt.F « . . . 


►> 

o 

g 

3 

j? 

£ 

-i 

| 

< 

.Position of Cure of | 
Choicer C. \ 

Voltage across 

5 

P. 

jfl 

+ 

> 

Ohniic Itosidiunce 

to 

a 

•3 c -, 

Jf 

P 

s- 

* 

s 

® 

c 

1 

w 

a 

S 

! 

I. 

H 

n 

i * 

u. 

►4 

o 

£ 

Ti 

a 

< 

« i 

© '« 

f>i 

o ^ 
►> = 
c ; 

a z 
2 o 

ii 

J 

T 

mIs, 

£ 

• 

9 

1 

a 

© 

!|.v 

ii 

* 

t- L N 

i 

3 1 
ST 

•r 

.. 









l 

i 


(9) From obs. 2 and 3 plot curves having values of impedance, 
as ordinates, with values of A, Z, and Lp as abscissa; in each 
ease; also between Farid L as ordinates and A as abscissae. 

From obs. 5 and G plot curves having values of impedance, as 
ordinates, with values of F and {Lp) as abscissae. 

From obs. 7 and 8 plot curves between impedance as ordinates 
and T\ t as abseissa\ 

Inferences. — From a careful study of tho tablos of results and 
forms of curves state clearly all that can be inferred therefrom. 

(112) Numerical and Phase Relations between 
the Voltages and between Voltage and 
Current in Circuits containing Capacity 
only and when in Series with Ohmic 
Resistance. 

Introduction. — The numerical relations between the various 
voltages in a circuit such os is now under consideration, seem at 
first sight to be so impossible that it is necessary to consider 
them in relation to phase. This can be done by a reference to 
the vector diagram (Fig. 113). In this, the total or resultant 
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voltage , as indicated on tho ammeter A, is set off in magnitude 
and direction = 01). The energy voltage or ohmic drop OG is 
set off at an angle fa in advance of OJ), while GJ) will be the 
condonser, idle, or reactive voltage in magnitude and direction. 

Comparing this with Fig. 108 for a self-inductive circuit, we 
see that capacity causes the current anil its vector OA 1 to lead 
in front of the voltage OJ) by an angle fa, instead of to lag 
behind as shown in Fig. 108 for self- inductive circuits, both 
diagrams being supposed to rotate about 0 in the -f- Vd direction 
(counter-clockwise). The angles B and G being right angles, lie 
(by geometry) on a semicircle, which is consequently the loci of 
the point of intersection of the energy and reactive voltages 
(which always differ by 00° in phase) between their limiting 



values of resistance 7? and capacity C respectively, namely, that 
of R — maximum with C =0, for which = 0, OG — 01 ) , 
and GJ) = 0 ; and that of Ji = 0 with C = maximum, for which 
fa = 90°, GJ) = OJ), and OG — 0. If for the triangle of volt- 
ages OGI) we divide each of the voltages by the current A v 
the sides will represent the corresponding resistances in circuit, 
while tho voltage vectors, as given if divided by these resist- 
ances respectively, will give tho triangle of currents. Tho idle 
or wattless current equals A 1 sin fa, and the energy current 
equals A x cos fa. 

Apparatus.— Source of A.C. supply E of, say, constant fre- 
quency, such as town mains; switch S) variable non-inductive 
resistances r and Ji ; ammeter A ; electrostatic voltmeter V; 
two two-way keys ; condenser C. 

Observations.— (1) Connect up as in Fig. 114, levelling and 
adjusting to zero A and V, if necessary. 

(2) With R adjusted to 0 close S, and by varying R obtain 
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some six or eight values of current A, rising by about equal 
increments from 0 to the maximum possible, noting the values 
of To, and r a on V by means of A\ and 



Note. — A convenient form of non-inductive resistance to use 
for H would be an 8 C.P., 1C C.P., and 32 C.P. glow-lamp, each 
of the same voltage as that of the supply, and arranged so as 
to be paralleled in any combination, thus giving seven possible 
different resistances of wide range. Tabulate your results as 
follows — 


Capacity used • Typo and Maker . . . Valuo = . . , lnfds. 

Non-lnd lies used : Nature . . . Frcqi oncy (constant) J — . . . per sec. 


| Yultago across 






Supply 

V> 

Ill 
<5 ^ 

o> 

U o 

j3 

g s 

- ii 3 

3 C " 
TJScl ' 1 

B ? 

Amps. 

A. 

Olunic 
Resistance 
It V *. 

Imp< dance 
r., 

A 

12 

*4 

(2 g 

Anglo of 
Lead 

1 . 


1 






(3) Plot curves having values of V v as ordinates, with V 2 and 
C as abseisste respectively. Also between cos <£ and impedance, 
as ordinates, with values of R as abscissa*. Compare V z with the 
algebraical sum ( Pj -J- V 2 ). 

Inferences.— State clearly all that can be deduced from your 
results. 
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(113) Variation of Impedance with (a) 
Capacity, (A) Frequency, and (<■) Ohmic 
Resistance in Circuits having Capacity 
and Ohmic Resistance only in Series. 

Introduction. —While the term impedance is applied almost 
universally to denote the apparent resistance of an alternating 
current circuit containing self-induction and ohmic resistance 
only, it is also used here to denote the expression J\jCy + R 2 
for the apparent resistance of an A.C. circuit having capacity ((?) 
and ohmic resistance (R) only, the angular velocity p of the 
current being = 2 r X frequency. As therefore it contains three 
variable factors, it will be necessary to vary one only at a time, 
keeping the remaining two constant. 

When (J and p are respectively the variables, wo may make 
R = 0 and determine the effect of each on the remaining term, 

V _L = called the reactance or reactive resistance of the 

cy cp 

circuit. 

Apparatus.— Source K of A.C. supply, preferably a motor- 
driven alternator, the speed and voltage of which can be varied 



Fio. 115. 

within wido limits ; ammeter A ; voltmeter Y ; wattmeter W ; 
frequency meter F \ switch S; variable capacity C\ variable 
non-inductive resistance r ; two-way key K ; variable non-in- 
ductive rheostat R 1 (only needed if K is town mains). 

Observations.— (a) Impedance with Capacity at Constant 
Frequency and Ohmic Resistance. 
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(1) Connect up as in Fig. 115, levelling and adjusting to zero 
such instruments as need it. Start tlio alternator with field 
regulator ‘‘full in,” and see that all lubricating arrangements 
in use are working properly. 

(2) With the alternator up to maximum speed, and therefore 
giving maximum frequency F (= No. of pairs of poles X rev. per 
min. 60), close S, and adjust C to some six or eight different 
capacities, rising by about equal increments from the smallest to 
largest available, noting tho reading of F, A, C and of W and V 
on at constant frequency F and resistance (r). 

(3) With r = 0 repeat obs. 2 for the same values of C , noting 
W and V on in addition to A, 6 y , for the same constant 
frequency. 

(b) Impedance with Frequency for Constant Capacity awl Ohmic 
Jlesistance. 

(4) A variable speed alternator being available, make C a 
maximum and give r somo convenient fixed value. Now read 
all the instruments for both positions of K at cacli of some 
six or eight frequencies differing by about equal amounts 
between the maximum and minimum values obtainable by speed 
regulation. 

(5) With r -- 0 repeat obs. 1 for the same constant value of 
C and range of frequencies. 

('■) Impedance with Ohmic Resistance for Constant Capacity 
awl Frequency. 

(G) Give C and the frequency their maximum possible values, 
and take tho readings of all the instruments with K on studs 
1 and 2 for some six or eight values of r, differing by about 
equal amounts between maximum and zero values. 

Tabulate all your results as follows (where p = 2-nf ) — 


Ilf 

a|i? 


> 

u 




85 





328 


ELECTRICAL ENGINEERING TESTING 


(7) From obs, 2 and 3 plot curves having values of impedance 

( —A, reactance } r and amps. A as ordinates with values of 
\AJ tip 

capacity C as abscissa), 

V 1 

From obs. 4 and 5 plot —A — and A as ordinates with 
A Cp 

frequency (/) as abscissa?, and from obs. 6 plot j- as ordinates 


with ohmic resistance (r) as abscissa 4 . 

Inferences.— State clearly all that can be deduced from the 
above results. 


(114) Variation of Impedance with (a) Self- 
induction, ( 3 ) Capacity, (c) Ohmic Re- 
sistance, (rf) Frequency in Circuits having 
Characteristics a, 6 and c in Series. 

Introduction. — It has l>een sfcatod that self-induction L causes 
the current to lag behind the voltage, whilo capacity C causes it 
to lead in front of the voltage. A circuit possessing both L and 
C may therefore cause the current to lag behind, lead in front of, 
or be in phase with, the voltage, depending on the relative mag- 



nitudes of L and C for a given ohmic resistance and frequency. 
Each of the two last named will in turn affect such phase rela- 
tions, and hence in the present investigation wc have four possible 
variables composing the impedance or “apparent” resistance 
of the circuit, only one of which must be varied at a time with 
the remaining three kept constant. 
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Tho phase difference between current and voltage will be less 
than that which would be caused by the same value of either 
]j or G alone, and, as stated above, may even be zero. Tho 
above remarks will he better understood by a reference to 
Figs. 1 1G and 117. 

Let OA be a vector representing, in magnitude and direction, 
the current A. Set off Ob = tho voltage Vx( = AIt) t which is 
an energy or useful voltage in phase with A , along OA. 

With centre (b) and radius ha = V l describe an arc of a circle, 
and with centre (0) and radius Oa = Vl\ n describe an arc 



of a circle (Fig. 11G), intersecting tho other arc in tho point (a). 
From («) drop a perpendicular to OA meeting it in (d) and 

produce it to (e) so that de = V 0 = the condenser voltage. 

This will be 180° out of phase, i. e. in direct opposition to tho 
voltage overcoming tho self-induced idle voltage (ea) ~ LpA. 
Consequently tho nett or effective idle voltage of tho circuit 


da 


= A^Lp — i- ^ = AL x p, where L x — 


the effective or nett : 


ductanco of tho whole circuit PQ, and is of a self-inductive 
nature causing an effective angle of lag 6 in tho circuit. In 
tho triangle Ode , Ar — 0 , since the condenser C is not con- 
sidered to have any ohmic resistance r like the self-inductance 
L has. Therefore Od = tho energy voltage AR for tho portion 
7 'jV, Od is therefore also the useful or load component of the 
total voltage of the circuit PQ. 

A most important deduction, affecting the calculation of the 
riso of pressure in cables and sometimes the breakdown of their 
insulation, toow follows, namely, if the reactances of the self- 
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inductive and capacity portions are equal, i.e. if Lp 


= — where 
Cp 


p — 2rrf and f — the supply frequency, the idle voltages of L and 
C will be equal and opposite in sign, and each niiiy havo much 
greater values than that of the supply. This condition in such a 
senes combination, shown in Fig. 117, is called pressure resonance. 


The above condition may be written 2 irJL = from wb.icli wo 

get / = — — __ ~ per sec., but only when the ohmic resistance 
2vy/LU 

of the circuit is negligible is the periodicity of the supply equal 
to the natural periodicity of oscillation. The natural period of the 


circuit^, = seconds. The periodicity giving maximum 

resonance in a circuit of appreciable ohmic resistance R is 

1 /~1 r%~ 

f= 9 “V Jo 472 ’ n °f tho naiura ^ periodicity of 

oscillation of tho circuit. 

Either of the above values of the critical frequency (/) giving 
maximum resonance is usually much greater than that of tho 
supply voltage. 

Apparatus. — Source of A.C. supply E, preferably a motor- 
driven alternator having a wide range of speed and excitation; 
ammeter A; wattmeter W\ switch S; voltmeter V; and two 
three-way keys; a capacity (7, self induction Z, and ohmic 
resistance R, each capable of variation; frequency meter (/). 

Observations. — (a) Impedance with Self-induction at Constant 
Frequency , Capacity and Resistance. 

(1) Connect up as in Fig. 117, levelling and adjusting to zero 
such instruments as need it. Start the alternator with field 
regulator “ full in,” and see that the lubricating arrangements 
are working properly. 

( 2 ) With the self-inducticn L , resistance R , and capacity C 
adjusted to convenient values, and the speed to givo a frequency 
F(= No. of pairs of poles X rev. per min. 4 - GO) of 50 ~ per sec., 
close S and by field regulation obtain some eight different currents 
on A (and hence values of /,) rising b} about equal increments 
from 0 to the maximum safe value, noting the values of F \ A, W, V 
and C at each, F } R and C being constant throughout* 
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(J) Impedance with Capacity at Constant Frequency , Self- 
induction and Resistance. 

(3) Repeat obs. 2 for some eight different values of capacity 
C between 0 and the maximum possible, F , Ii and A (i. e. L) 
being constant throughout. 

(c) Impedance with Ohmic Resistance at Constant Frequency , 
Capacity and Self-induction. 

(1) Repeat obs. 2 for some eight dift'rcnt values of resist- 
ance R between 0 and the maximum possible, F, C and A 
(i. e. L) being constant throughout. 

(d) Impedance with Frequency at Constant Self-in duction t 
Capacity and Resistance, 

(5) Repeat obs. 2 for some eight different frequencies between 
the minimum and maximum values possible, C, R and A (i. o. L) 
being kept constant. 

Tabulate all your results as follows — 


Solf-Induction used : Nature or type . . . Ohmic lt<s i - . . . ohms. . . . 
Ohmic Res. (J?) used : Nature or tjpe . . 

Capacity (0 used • Typo . . p = SjtF. 



(6) Plot curves having values of impedance as ordinates with 
each of the variables A (or L), C, Rt, and F in obs. 2-5 as 
abscissfo on the same curve-sheet. 

Inferences. — State clearly all that can be deduced from the 
results of tho test. 

Kote. — Tho numerical and phase relations ‘between tho 
voltages across C t R and Z/, and the combinations of these can 
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be studied in tho above table with advantage and are highly 
instructive. From them the student should draw to scale the 
diagram shown in Fig. llfi above, for, say, two extreme values 
of the overall voltage V cnL , and seo how the angle of phase 
difference 6 compares with that calculated in the above 
table. 

(115) Numerical and Phase Relations be- 
tween Main and Branch Currents in 
Circuits containing Ohmic Resistance in 
Parallel with either Self-induction or 
Capacity. 

Introduction. — The determination of the above relations 
between tho main and branch currents in a circuit comprising 
chmic resistance and self induction in parallel is effected in 
detail in test No. 131, which should be done for the present 
test. 

The numerical relations are at once seen in the table of 
results, while tho phase relations arc best seen from the diagram 
(Fig. 142) constructed for .any particular set of simultaneous 
currents. It will bo obvious that the relations will differ 
according to whether the self-induction branch PQ possesses 
appreciable ohmic resistance or practically none. Fig 1 1 1 presumes 
the former condition, but if the latter obtains, then the current 
A x in the non-inductive branch, being in phase with the voltage, 
will bo given by OC, while that in the inductive branch A t 
(having no resistance) lags just 90 9 behind the voltage , and will 
now be given by Ca (perpendicular to OC), instead of by ba as 
in Fig. 112. 

The present test should also be operated with pipacit" C 
substituted for the self-induction shown, when the student should 
have no difficulty in modifying botli the tabular form of entry 
and the vector diagram to suit the new condition of capacity 
in parallel with ohmic resistance. If no resistai.ce is purposely 
added to tho condenser branch, the current in this will lead 
just 90° in advance of the voltage. Thus, the main or resultant 
current will be given by the diagonal of a parallelogram, the 
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sides of which will be at right angles and represent the branch 
currents. 

(116) Variation of Impedance and Phase 
Relations between the Currents in a 
Circuit containing Capacity and Self- 
Induction in Parallel. 

Introduction. — The combination of self-induction in parallel 
with capacity is an extremely important one, and has some 
interesting and highly useful applications in electrical engineer- 
ing which will be mentioned later. Referring to Figs. 118 


E 



and 119. Let OK = the supply voltage Y, and if tho ammeter 
A c and switch S c add a negligibly small resistance to the con- 
denser branch, the current A 0 in this branch will = 6' and 

tan = oo, whenco A c will make an angle of phase 

W w e 

difference POE = = 90° in advance of ]*! 

►Similarly, if tho ohmic resistance of the self-inductive branch 
is negligibly small, tho mav. current A L in this branch 
V in 

will ~ -r— and tan 0 L = -- = oo , whence A L will lag behind V by 
Lp r 

an angle MOE = $ L = 90°. OP and OM are therefore the max. 
values of the respective branch currents. 1 f, however, the self- 
ind. branch possesses a resistance (/•) ohms in addition to self- 

\r 

ind. L f its current will bo given by A L = — — ■= — r~=* OQ 
. V L l p l + r 2 

lagging behind V by an angle B L = QOE, such tliut tan 0 L = 
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(less than before). Tho total current A being the resultant OR 
of OP and OQ and making an angle ROE = 0 (seen to bo one 
of advance in this case) with the voltage V. 

The semi circles ORP and OQM arc tho loci c£ tho vectors 
representing the branch currents A 0 and A z , and it will be seen 
that the smaller tho resistance (r), the nearer will Q approach il/, 
and the smaller will bo the resultant or main current OR (= A) 
from the supply and the moro nearly will it be in phase with 
OE (= V). 



Thus at tho practical limit, r will be very small, Q very closo 
to M, A i nearly = A 0 and nearly 180° out of phase with it, and 
OR very small and nearly in phase with V. Under these condi- 
tions current resonance is said to prevail in distinction to pressure 
resonance explained on p. 330 for series circuits. With current 
resonance in such a parallel circuit, the local current circulating 
in the loop may be many times greater than the main supply 
current A — a condition obtained when the idle or wattless 
components of the branch currents are practically equal, but of 
opposite sign when the wattless or idle component of tho main 
current A will be less than that of either branch. Equal and 
opposite wattless currents in the branches will be obtained w r hen 

iicy+r e *-ly+r* 

but as explained for series circuits this condition can only truly 
be called resonance when both r e and r are negligibly small. 

In practice we see capacity used for starting up alternating 
current motors; for nullifying the effects of the idle currents 
in a distributing system, thereby raising the power factor, and 
so increasing both the efficiency and economy of operation. Tho 
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capacity effect in this case is produced by an over-excited 
synchronous motor connected to the same supply. 

> Apparatus. — Source E of A. C. supply preferably a mo tor-d riven 
alternator variablo in speed and excitation within wide limits ; 
frequency meter (/); voltmeter V) wattmeter ]\ r \ ammeters A, 
A 0 and A l ; switches S, S 0 and S z ; variable capacity G ; variablo 
self-induction L of ohmic resistance (/•). 

Observations.— (a) Impedance with Seif-induction at Constant 
f C and r. 

(1) Connect up as in Fig. 119, levelling and adjusting to zero 
such instruments as need it. Start tho alternator with field 
regulator “full in,” and sec that the lubricating arrangements 
aro working properly. 

(2) With f 0 and r (if alterable) adjusted to convenient 
values, close S, and then S 0 only, taking the readings of all the 
instruments. 

(3) With f C and r as in obs. 2, close and then S L only 
and take the readings again. 

(1) With /, G and r again the same, close all 3 switches and 
by field regulations obtain some 8 different currents on A z (and 
hence values of L) rising by about equal increments up to a safe 
max. value, noting the readings of all instruments. 

(//) Impedance with Capacity at Constant /, A L (i. e. I) and r. 

(5) Repeat obs. 4 for some 8 different values of capacity C at 
constant f r and A L (i. e. L). 

(r) Impedance with Ohmic Resistance (r) al Constant /, A L (i. e. 
L) and C. 

(G) Repeat obs. 4 for several values of (/-) if this is variable at 
constant f I and (7. 

(d) Impedance with Frequency (f) at Constant A L (i. e. L), C 
and r. 

(7) Repeat obs. 4 for somo 8 different values of frequency (/) 
at constant A L (i. e. L\ C and r. 

(8) By varying C , L, /, find the minimum value of A obtain- 
able, noting the readings of all instruments at this, and tabulate 
all your results as follows— 



33G 


ELECTRICAL ENGINEERING TESTING 



Inferences. — State clearly all tlio inferences which can bo 
deduced from the above results. 


(i 17) Determination of the Load and Watt- 
less Currents in an Inductive Alternating 
Current Circuit. 

Introduction.- -While the present investigation is bound up 
with that of power factor, considered in test No. 101), p. 316, the 
whole subject lias such a vastly important bearing on the 
economical and efficient generation, transformation, and dis- 
tribution of electrical energy, that a further consideration of it 
will be an advantage. 


e a 



It is well known that of tho power in watts, given by the 
product (amperes X volts) “apparently” supplied to an inductive 
A.C. circuit or one containing self-inductance, or capacity, or 
both, only a portion constitutes an actual or useful load or 
power and does useful work in tho circuit, while the other 
portion represents no load at all, and is said to be wattless or 
idle power, doing no work in the circuit. 
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The useful power is given by the product of that portion of 
the current and voltage in phase with each other, and is usually 
called the true power, whilo the wattless or idle power is given 
by the product of those portions of the current and voltago 
which are in quadrature, as it is termed, i.e. differ in phase by 
90° or a quarter period, the average value of tho latter product 
being always zero. The useful and wattless powers are each 
given by a product of amperes X volts, and may bo arrived at in 
either of two ways as follows : let a voltage OE and a current 
OA differ in phase by an anglo ltesolve OA into two com- 

ponents, one On along and in phase with OE, tlio other Octj 
perpendicular to it. Then OuAa L is a rectangle, and the corner 



Fin. 121. 


«i will lie on a semi circle Oa t A drawn on OA as diameter. 
We now have the true power = OE X Oa, the wattless power 
= OE X 0«f , and the apparent power = OE X OA. OajA is, 
therefore, the triangle of currents of which OA is the total or 
resultant or ammeter current, a t A the load or useful current, 
and Oai the idle or wattless current, always perpendicular to ajA. 

, n, - . , OE X 0(1 a,A J 

1 ho power factor cos cos OAa v 

1 T OE X OA OA 

Again, resolve OE into two components — one OA along and in 
phase with tho current vector OA, tho other OE t perpendicular 
to it. Then OE t EA is a rectangle and the corner A will lie in 
a semi-circle OA E drawn on OE as diameter. We now havo tho 
true power — OA X OA, the wattless power = OA X OEj. OAE 
is therefore the triangle of voltages of which OE is the total 
or resultant or voltmeter voltage, OA in phase with the current, 
the load or useful or energy voltage, and OE t the idle or wattless 
voltago always perpendicular to OA. The power factor cos 


OA X OA 
oax'oe 


— cos aOE. 


2 
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Now, the wattless powers in the two cases are OE X Oa t and 
OAxOEt respectively, which are equal, sinco the areas of the 
rectangles (OE X Oaj,) and (OA X OEj) are equal. Mathemati- 
cally, therefore, it is immaterial from which point of view the 
matter is treated, as both load to tho same result, namely— 

True power = total voltage X useful current = V X A cos <f>, 

„ „ = total current X „ voltage = A X V cos <£. 

In practice, however, it is more convenient and general to 
consider the total current A to be made up of two components, 
respectively A cos </> in phase with, and A sin $ in quadrature 
with, tho voltage, and termed the energy, useful, or load current 
and the idle or wattless current. These are related geometrically, 
as seen in Fig. 121, by the equation 

(Total current) 2 = (useful current) 2 + (wattless current) 3 , 
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from which the wattless current measurement of the present test 
is deduced. This can be made with tho two possible circuit 
conditions, namely, self-induction with ohmic resistance, for which 
the total current lags in phase behind tho load current by an 
angle <£, and capacity with ohmic resistance, for which tho load 
current lags in phase behind tho total current by an angle <f>, 
i. e. the total current leads in front of the load current. This is 
shown in the single diagram, Fig. 121, though more commonly by 
two separate ones split along the lino OA. 

Apparatus. — Source E of alternating current \ voltmeter V\ 
ammeter A; wattmeter W; variable non-ind. resistance R; 
capacity C ) self-induction L. 

Observations.— (1) Connect up as in Fig. 122, levelling and 
adjusting to zero such instruments as need it. 

(2) With 0 only connected in circuit, note the readings of F, 
IF, and A for some five or six values of current A between 0 
and the maximum possible by varying R. 
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(3) With L only connected in circuit, repeat obs. 2 and 
• tabulate as follows — 


Nature 

of 

Circuit. 

Voltage 

V. 

Wntts 

W. 

Cun cuts. 

Power 

Factor 

COS (f> 

- WAV. 

Anglo of 
These DifT. 

Total (OA) 
« A . 

Load 

- w’/r. 

Wattless 



\ 






(4) Cheek one or moro of the tabular readings by diagram, 
such as Fig. 121. 

Inferences. — State all that can be deduced from the results 
of the test. 

(ii8) Variation of Impedance, Reactance and 
Self-Induction with Position of Movable 
Core in Solenoidal Choker. 

Introduction.— This test is intended to bIiow the principle 
underlying the action of the so-called dimmer, which is so 
commonly used now in theatres and picture-halls for raising and 



lowering the lighting when the supply thereto is alternating 
current, also the range of regulation of a choking coil for working 
on arc lamp circuits of different voltages. It has tho great 
advantage over a variable “line" resistance of preserving com- 
pletely the electrical continuity of the circuit, while introducing 
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a back E.M.F. of self-induction to tho supply depending on the 
position of the mo\able core. ' 

Apparatus. — Sourco of A.C. supply E, preferably an experi- 
mental motor-driven alternator, the excitation and speed of 
which aro independently variable within wide limits; switch S) 
frequency meter F; ammeter A; voltmeter V ; wattmeter W\ 
and the movable core solenoid al choker (\ 

Observations.— (1) Connect up as shown in Fig. 123, levelling 
and adjusting such instruments to zero as need it. Ensure 
that the lubricating arrangements are working properly on 
starting up. 

(2) With the field regulator of E full in and the machine 
supplying constant frequency F, close E and adjust the alternator 
field excitation so as to give the max. safe current A through C 
with the centres of F and C coinciding (i. e. D = 0), then note 
the readings of F, A, W and V. 

(3) Take the readings of F, A, Jl r , V and J) with tho same 
constant values of F and A for each of a series of clamped 
positions of F between J) = 0 and 1) =» full length of F, with F 
finally removed to a distance. 

(4) ltepeat obs. 2 and 3 for the same constant frequency F, 
but with V now maintained constant, at such a value as will 
prevent the current rising above the max. safe value when F 
is removed to a distance, and tabulate all your results as 
follows— 


Choker coil . Length . No. of turn? «... Itis. R . . . 
CoiO Length =- . . . Cross Section » . . . 



(5) Plot curves for obs. 2 and 3 having values of D as 
abscissae with values of V, W, cos 6, VjA, Lp and L as ordinates 
respectively, and for obs. 4 having values of D as absciss® with 
values of A , W , cos 0, VjA , Lp and L as ordinates recpectively. 
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Inferences. — State all you can deduce from the table of results 
and curves. 

(119) Effect of Length of Air Gap in a Closed 
Magnetic Circuit on Impedance, Re- 
actance, Self - Induction, Current and 
Power. 

Introduction. — The present test is a very important one, 
inasmuch that it is a direct proof of fundamental theory, and 
has an important bearing on the use and range of regulation of 
all kinds of choking or reactance coils for adjusting the current 
in arc lamp circuits at different voltages, while at the same timo 
emphasizing the relative merits of “ closed ” and “ open ” mag- 
netic circuits. The, factors of an alternating current supply 
being voltage, current, and frequency, with the last named usually 



Fig. 124. 

constant, it follows that the present investigation can l>o carried 
out in at least two ways, namely — 

(a) With constant current and varying voltage at constant 
frequency. 

[It) With constant voltage and varying current at constant 
frequency. 

In the former method of supply, and with a series wound and 
connected choker, any effects observed by varying air-gap must 
be duo to this alone. In the latter method, owing to change of 
current strength (in all but saturated magnetic circuits) causing 
a change of magnetic flux and induction density, any effects 
otherwise due to change in length of air-gap may bo seriously 
vitiated. 

Apparatus. — Expci imcutal magnetic circuit with adjustable 
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air-gap; switch £ ; frequency meter F] ammeter A ; voltmeter 
V ) wattmeter }V; source of A.C. supply E, preferably from an 
experimental motor-driven alternator, the voltage and speed 
(i e. frequency) of which are independently variable within wide 
limits. 

Observations.— (1) Connect up as in Fig. 124, levelling and 
adjusting to zero such instruments as need it. Now start the 
motor-alternator, observing that the lubricating arrangements 
are working properly. 

Note. — If a constant voltage and frequency town supply is 
used, a suitable non-inductive resistance must be connected in 
scries with one of tho mains on the supply side of W for regulating 
the current. 

(2) Remove all the non-magnetic distancing strips D and 
clamp the laminated iron keeper K down on to the poles by 
means of the wing-nut clamp (not shown in Fig. 124). With the 
field-regulating resistance of the alternator full in, close S and 
obtain a frequency of 50 or GO ~ per sec. on F, to be kept 
constant by driving the alternator at the requisite constant speedy 
where the frequency (/) = No. of pairs of poles X revs, per 
min. -f 60. 

(3) Raise the A.C. voltage by field regulation to the maximum 
value possible, so long as the current produced does not exceed 
the safe maximum for tho choker winding. Then note tho 
readings of F, A, IF, F, and that the air-gap is zero. 

(4) Unclamp K, and carefully raise it just sujjiciently only to 
slide one distance strip 1) in between it and tho poles, and 
re-clamp K. 

Now, lower tho voltage (by field regulation) until A has the 
same value as before — the frequency being also the same. Then 
read F, A> IF and K 

(5) Repeat (4) for about ton different air-gaps, increasing by 
one distance strip at a time, and finally with K removed alto- 
gether, i. e. air-gap = max. 

(6) Employing supply condition (6), mentioned in tho intro- 
duction above, with K removed altogether, adjust the field 
regulator of the alternator so as to givo such a voltage as will 
send the max. safo current through the choker winding at tho 
same frequency as before. Now note the values of xF, A , W and 



ELECTRICAL ENGINEERING TESTING 


343 


V, and that the air-gap = max. This voltage and frequency 
is to bo kopt constant in futuro. 

(7) Next take the readings of F, A , IF and V for each of a 
scries of air-gaps, ranging from that given by all the distance 
strips clamped together between K and tho poles to none in at 
all, by one at a timo, and tabulate all your results as follows— 


Form of Inductive Circuit tested . . . 

Section of: Core™ . . . Yoke™ . . . Koeror . . . 

Distance Strips cacli => . . . Thick : Resistance of Choku Minding R =» . . . ohm. 



(8) Plot curves from obs. 3-5 having values of D as absciss® 
with F, JF, cos 6, VjA and L as ordinates respectively. Also 
from obs. 6 and 7 plot curves having 1) as absciss® with A, IF, 
cos 6 , VjA and L as ordinates respectively. 

Inferences. — From a careful study of the above table and 
curves state clearly all that can be deduced. 


(120) Investigation of Mutual Inductive 
Effects due to the Relative Positions 
of Two Coiled Circuits. 

Introduction. — The object of this investigation is to find out 
to what extent, and in what way, two neighbouring electro- 
magnetic fields may react on one another when in different 
relative positions. 

Qualitative and quantitative results are obtainable which are 
both interesting and instructive, in view of how little tho 
average student realizes the possibilities of interaction between 
neighbouring magnetic fields and apparatus with the prejudicial 
effects often resulting. For tho investigation, two solenoidal 
movable iron coro choking coils (preferably similar in all respects) 
may bo usej), connected in series. 
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Apparatus. — Two similar chokers ; ammeter A ; voltmeter V \ 
wattmeter JJ r ; frcqucucy meter F) switch $ ; non-inductivo re- 
sistance R (such as a bank of lamps) for regulating the current, 
if tho supply E is from the town. If from an experimental 
motor-driven alternator, 11 can be omitted and A adjusted by 
field regulation on the alternator. 

Observations. — (1) Connect up as in Fig. 125, where 1\ T % 
are tho terminal extremities of the two coils connected per- 
manently in series. Level and adjust to zero such instruments 
as need it. 



(2) With coils touching side by side in arrangment C l C l 
(i. e. l) l = minimum) and cores clamped centrally, take tho 
readings of F> IT, V, A and T) 1 for constant full-load current A 
and frequency F = 50 for each of a series of values of distance 
D l up to a convenient maximum, the coils being parallel at 
each. 

(3) Take a copy of an iron filing diagram for tho position 
D x = a min. 

(1) Repeat obs. 2 and 3 with one coil reversed or turned 
through 180°. 

(5) Repeat obs. 2 to 4 for the position of coils shown at C^C i 
(i.e. with magnetic axes of cores perpendicular) at different 
distances J) v 

(6) Repeat obs. 2 to 4 for tho position of coils shown at Q 2 C 3 
(i.e. axes in line) at different distances 1 ) v and tabulate as 
follows — 
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Coll Cl used : Length - , . . No. of turns — . . . Res. R - . 

Core length «... Cross section =- . . . 

Coll Co used : Longth «■ . . . No. uf turns «... Res. /{*».., 

Core length , Cross section «... 


Relative 
Positions 
of Coils.; 

Distances 
D h Ai 
ami 1) 3 . 

Frequency Current 
F A 

(Constaut)j(Consfniit) 

Volts 

V. 

Tine 

Watts 

W. 

Apparent 
WftttB 
Ay. V. 

Impedance 

VIA. 

Power 

Factor 

COSif, =s 

lVIAV.l 





1 






(7) In addition to the copies of the respective iron filing 
diagrams, plot the following curves hating values of distance D 

V 

as abscissa), with volts V and impedance -y respectively, as 


ordinates in each caso. 

Inferences. — From the table of results, diagrams and curves 
state all that can be deduced. 


(121) Measurement of Magnetic Permeability 
by the Permeameter. 

Preliminary.— The following method, devised by Prof. S. P. 
Thompson, is a simple and convenient workshop one for rapidly 
measuring the magnetic permeability (ft) of any material. It 
is quito distinct from the ballistic, direct magnetometric, or 
optical methods of measuring (ft), and is based upon tho law of 
magnetic traction, viz. that the tractive force over a givon area 
of contact is proportional to the square of the magnetic flux 
through tho junction. This and all other traction methods are 
not capablo of giving very accurate measurements of (ft), for 
both the tensile stress and tho place chosen for contact between 
specimen and block may affect the results somewhat, as in the 
latter caso the distribution of the induction is not very uniform 
at this point. Now, sinco in the permeameter the magnetizing 
coils remain fixed, the pull on the specimen core will bo due to 
(B - II) lines, where B = induction per sq. cm. through the 
junction, and //= magnetizing force producing it. If S- 
sectional area of tbe junction in sq. cms. the force of attraction 
between coro and block, i. e. Pull (r) = (B - Iff- S+8 tt dynes = 

(£- H)-S-r (8ir X 453-6 x 981) lbs. .•.£ = 1317 x ./ — r + 11 

'Y^sq. in.) 

C.G.S. lines? Where P = pull in lbs. to detach. 
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If the magnetizing coil consists of T turns, carrying a current 

in AT 

A amps., and its length between ends =4. Then K = eiTji, 

in C.G.S. measure. (The constant K-iffT -rlO&) 

An advantage with this method of measuring permeability is 
that the specimen of tlio material to be tested is in the form of 
a simple straight rod of circular cross section, and in this form 
it can generally be very easily obtained. Further, owing to no 
delicate ballistic galvanometer being used in the method, the 
test can be performed even in fairly eloso proximity to dynamos 
or near other magnotic fields without especially vitiating the 
results. The permeameter illustrated is fitted with a slip coil 
C C for measuring ballistically if desired. For a more detailed 
description of the instrument vide p. 615, 

Apparatus.— Permeameter (Fig. 280); Salter’s spring balance; 
ammeter A ; rheostat r 2 (p. 599) ; battery b ; switch K x ; Pohl’s 
commutator or reversing 
switch S (p. 584); specimen 
or rod R to be tested. 

Tests.— (1) Connect up as 
indicated in Fig. 120, omitting 
the ballistic circuit shown at 
(he lower part of the Fig. 
Insert a specimen in the coil 
after having cleaned the end 
and demagnetized it. Then 
attach the spring balance by 
means of its double hook to 
the pin pp in the present 
case. 

(2) With r 2 full in, adjust 
the current to a small valuo 
(say 0'02 amp.), and note the 
force P lbs. required to de- 
tach. This should be re- 
the mean noted. 

(3) Repeat 2 for about fifteen different currents up to. the 
maximum (about 7 amps.), rising by such amounts as will give 
about equal increments of pull on tho balance. t 





ELECTRICAL ENGINEERING TESTING 34 1 

(4) Repeat 2 and 3 for different specimens, and tabulate os 
follows — 


Namjs . . . Datk . . . 


Specimen tested. 

Magnetizing. 

Pull 

ribs. 

Induction 

B. 

Permeability 

% 

* Jl 

K° 

Nature. 

Diameter 
d (ins.) 

Seel ion (S) 
=^Sq.in. 

Current 
A amp. 

Force 
n = KA. 




1 






(6) Plot two curves, one having II as ahscissie and B as 
ordinates, tho other having B as abscissae and /x as ordinates. 


(122) Measurement of Magnetic Permeability 
(by Hopkinson Permeameter). 

Introduction.— Tho present test is very similar to the pre- 
ceding ono (No. 121), except that a slightly different form of 
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permeameter, devised by Professor Hopkinson, is provided. This 
instrument consists (as seen in Fig. 127) of a heavy wrought- 
iron yoke with two magnetizing coils, one having a fixed core 
and the other a movable ono. On the movable core is a small 
ceil of wire which, when the core is withdrawn, is jerked up by 
a spring ; this coil is connected to a ballistic galvanometer, and 
the throw is proportional to tho lines in the core ; by this means 
cores made of various samples may bo compared for perme- 
ability. Tho apparatus and connections, except for the differ* 
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ence in the actual form of permeameter, and the addition of a 
ballistic galvanometer G, key K , adjustable standard known 
resistance (/), and earth inductor E, or preferably a standard 
solenoid, are precisely those indicated in Fig. 126, and the 
student should read the introductory remarks of test No. 121. 

The evaluation of the throws on the ballistic galvanometer G 
is exactly as given in the introduction to test No. 78, and 
therefore need not hero bo repeated. 

Observations. — Theso consist in taking the galvanometer first 
throw at tho moment when the small slip-coil springs out, for 
each of a series of exciting currents ranging from 0 to tho 
safe maximum permissible, and tabulating all tho readings and 
evaluated results in a convenient form. 

Note. — The first throw should bo repeated, for each excitation , 
by replacing the slip-coil two or three times, when the mean 
throw only at each current should be tabulated. Further, a 
preliminary trial must be made, before taking the above scries 
of observations, by adjusting the resistance (r) until maximum 
permissible exciting current gives a mean first throw, not ex- 
ceeding full-scale deflection. Lastly, tho increments of current 
in the series must be smaller during that part of tho range 
whero the magnitude of tho mean throws appears to be differing 
considerably. 

A curve should be plotted between values of induction density 
B found, as ordinates, with values of magnetizing force II as 
abscissa?, and also one between permeability p as ordinates, 
and values of B as absciss®. 


(123) Measurement of Magnetic Hysteresis 
and Eddyor Foucault Currents in Samples 
of Magnetic Material. (By Single Phase 
Alternating Currents.) 

Introduction. — The determination of magnetic hystorcsis in 
magnetic materials by some of the most important methods is 
given in considerable detail in Practical Electrical Testing by- the 
author, and the reader is referred to this book for further par- 
ticulars of these tests. It is of course well known that an iron 
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core, magnetized by an alternating current of electricity, is the 
seat of two distinct lossos of powor, (1) from hysteresis, and (2) 
from eddy currents generated in the transverse section of tho 
conductor. 

The former depends on tho induction density in tho iron, the 
frequency of the .alternating current, and on the volume and 
nature of the magnetic material in question. No amount of 
lamination will get over this loss. 

Tho latter source of power loss is dependent on the extent of 
lamination of the iron and on the transverse section of each indi- 
vidual portion of the core. 

Now by employing sufficient iron in a tost specimen, iccll 
laminated , the eddy current loss can be made small compared with 
the hysteresis loss, whence any measurement now made of the 
total core or iron loss will for all practical purposes represent the 
hysteresis loss simply. This is the principle upon which tho 
present method is based, but if greater accuracy be desired tho 
results so obtained can easily bo checked by one of the methods 
given in the above-mentioned work. 

It will thus bo at once evident from the foregoing remarks that 
the iron employed in all electrical engineering appliancos, but more 
particularly in alternating current ones, should bo tested for 
hysteresis loss prior to being used in tho construction of such 
appliances. The present method is one of the simplest and most 
expeditious ways of measuring tho hysteresis loss in different 
samples of iron which may be to hand, and it is accurate enough 
for most practical purposes. 

Probably the most important direction in which tho preceding 
remarks find an application is in transformer, alternator, and 
alternating current motor work. As the magnetic circuits of such 
appliances aro built up of stampings-out of thin soft sheet iron, 
this latter is the form in which samples to bo tested usually come 
to hand. Assuming therefore that a few large sheets of tho 
material to be tested, the thickness of which usually varies from 
0 - ?5 m.m. to 0’5 m.m, for transformers and up to about 1 nun. 
for alternators, etc., is at hand, tho first thing to do is to prepare 
the material for testing by constructing a small transformer out 
of it thus — 



350 ELECTRICAL ENGINEERING TESTING 

Preparation of Iron Samples for Test. 

Cut such a number of strips out of the sheet, each about 
12" x 2" as will make four equally thick piles; each containing 
the same r umber of strips, placed on the top of one another like 
the leaves of a book, to a thickness of, say, and each weighing 
about 2 lbs. 

Now remove any burr from the edges of each hy means of 
a file, and weigh all the strips, noting the total weight of iron IF 
which should preferably be 8 or 10 lbs. 

Next varnish one side of each strip with thin shellac varnish, 
and when dry assemble into four equal piles with varnished faces 
all pointing one way. Bind each pile, to within 14" of each end, 
with a layer of thin prepared tape, when each will bo ready to 
receive the magnetizing coils. It will bo noticed that each strip 
is insulated from the next by the equivalent of ono layer of thin 
varnish, which is all that is needed. Next make a thin rectangular 
cardboard tube about 4" to 4J" long for each pile and capable of 
just slipping easily over it. Wind each of these with two distinct 
coils of, say, No. ISdoublo coLton-covered copper wire, each coil 
consisting of two layers and the two coils wound one over the 
other. Place the four bundles of strips with their coils in position 
so as to form a rectangular fiaino of iron with adjacent ends 
interleaved , so to speak, and clamped together so as to form a 
compact joint of low resistance. Join the four coils of each set 
together so that they would help ono another in magnetizing the 
ring and the specimen is theu ready for test. Note the total 
number of turns N P and N s on both primary and secondary 
coils respectively, also the cross section S sq. c.ms. of iron in 
the frame, i.e. thickness of strip x by number side by side 
x width of strip, and the mean length of the path of a line of 
force right round. 

Apparatus. — Iron core on frame I to be tested and wound with 
the two distinct (closely-wound) primary and secondary coils 
P and S. Siemens electro-dynamometer or Parr direct reading 
dynamometer ammeter A (Fig. 577); non-inductive Wattmeter IF; 
non-inductive rheostat R (p. 597) ; switch K ; electrostatic volt- 
meter V; Pohl's commutator D (p. 584), or other suitable change- 
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over switch for throwing V in quick succession across P or S . 
Source of alternating current supply E, preferably one the fre- 
quency of which is under control ; a tachometer will bo required 
in this latter case. 

Observations. — (1) Connect up as indicated in Fig. 128, and 
adjust the pointers of A, V and W to zero if they require it and 
levelling them where necessary. If the alternator is under 
control see that all the lubricating cups in use feed slowly and 
properly. 



(2) Start the alternator up to its highest desirable speed, which 
is to be kept constant, then with R at its full close K and alter 
R and the excitation to give the smallest readablo current on A. 
Note simultaneously the readings on A, W and Vm quick suc- 
cession when across P and S by turning D to P or S as tho case 
may be, and the speed. 

(3) Repeat 2 at tho same speed for eight or ten different 
currents A, rising by about = increments to the highest desirable. 

(4) Adjust the current A to some convenient value, preferably 
one that will produce an induction of B ~ about 4000 lines per 
sq. cm. in I and keep this constant. 

(5) Now tako a series of readings of W and V for about eight 
or ten different speeds, ranging from tho greatest down to the 
smallest, noting the valuo at each. 

(6) Measure tho resistances of the primary and secondary 
windings by means of a Wheatstone Bridge set, and tabulate all 
your results as follows — 
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Name . . . Date . , , 

Alternator : Periods per Re\oIn. K =i . , . p = 2irn per soc. 

Resistances (hot) Primary R r - . . . ohms. Section of iron. Coro S =■ . . . sq. ems. 

„ ( „ ) Secondary R s = . . . „ Weight of „ „ 1P=* . . . lbs. 

No. of Turns • Primary N r => . . . Secondary N s = . . . Thickness of Strips » . . 

Wattinoter Constant = . . . 
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(7) Plot the following curves— 

(a) Between H and B having B as ordinates and hysteresis 
loss H as abscissa?. 

(b) Between II and n having n as ordinates and hysteresis 
loss II as abscissa;. 

(c) Between II and A having A as ordinates and hysteresis 
loss II as abscissre. 

Note.— B varies from 3000 to 5000 C.G.S. lines in ordinary 
transformers. With good iron II jW should not exceed 
Inferences.— State very clearly what you can infer from the 
results of your tests. 


(124) Separation and Measurement of Iron 
Losses in the Cores of Alternators, Trans- 
formers, Motors and other Electro-mag- 
netic Appliances. (Alternating Current 
Frequency Method.) 

Introduction. — The iron losses taking place in the cores of 
alternating current plant [e. g. alternators, transformers, motors, 
etc.) consist of those due to magnetic hysteresis and eddy or 
Foucault currents respectively. 

The Hysteresis Loss depends on the induction density in the 
iron core, the periodicity of the supply current, and on the 
volume and quality of the iron used, but in no way cn tho extent 
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to which the lamination of the core is carried and increases 
with, but more rapidly than, the induction. 

Steinmotz gives the empirical equation for the work done on 
account of hysteresis as w = rjli 1 8 ergs per cycle of current and 
magnetization where rj equal the hysterctic constant which may 
vary from 0*001 to 0 003 for soft, annealed core plates, and 
]/} = maximum value of induction density in lines per sq. cm. 

If (ft) = periodicity of the supply or number of complete 
periods per second, the effective loss )V U duo to hyteresis (per 
cub. cm. of core) will bo 

ll r ti = rjnfi 16 ergs per sec. = rjnf} 1 * 10 7 watts, 
on the assumption that the hysteresis loss per cycle is inde- 
pendent of the rate of cycle which the latest research shows to 



be not quite the case, though sufficiently so for practical pur- 
poses. Actually the hysteresis loss per cycle increases slightly 
with increase of periodicity, and from the above relation we 
see that for a given core, run at constant induction density 
)V a is qc n. 

The Eddy Current Loss depends on the ttrength of the 
induced eddy currents set up in the thickness of each lamina 
composing tho core, and hence, by Ohm’s law, will vary as the 
square of such strength. The eddy currents are due to the 
varying flux through the core, and will depend on the rate of 
variation of this flux, i. e. on the periodicity («). Thus the 
eddy current loss will vary in proportion to ft 2 , and tho effective 
loss II j duo to eddy currents (per cub. cm. of core) will be 
• )V t — AVZ) 2 10‘ lfl watts, 

where K — a constant taking into account the specific elec- 
trical resistance of the iron and the thickness of plate lamina. 

AA 
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Eddy currents tend to reduce the flux in a core due to their 
demagnetizing action and also cause a non- uniform distribution 
over the sections of the lamina), hue to this, the hysteresis 
loss will be further increased with increasing Values of (it), and 
will appear as an increase in the eddy current constant (A') in 
the present method over and above the calculated value. Espe- 
cially will this be the case if the insulation between core 
lamina) is not all effective. 

If )V — the total power in watts absorbed by any electro- 
magnetic appliances 

and Wq = the watts absorbed or expended in the exciting coil, 
then the nett iron losses 

= W, = W- W„ = W„ + I V, = >,»£" '10 + AV^lO " 
watts. 


—©■ 
E ( 
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H 7 



tttt 
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Flo. 130. 


Now the coefficients rj and K can be found experimentally by 
testing the appliance at constant induction density ft with 
alternating current at variable poriodicity (»). This can bo 
done by varying the speed of an alternator running at constant 
excitation, for then the voltage V varies oc to the periodicity 
(n), so that Vjn, and hence the llux, remains constant. On 


plotting the values — as a function of the induction ft, the 


straight line ab is obtained corresponding to one particular 
value of ft and of Vjn. From the curve ab and this value of 
ft the coefficients rj and K can be calculated, and hence the 
hysteresis and eddy current losses respectively. 

Apparatus.— Electro-magnetic core I to be tested ; low-reading 
alternating current ammeter A ; wattmeter W x and voltmeter V, 
each independent of periodicity ; frequency meter F t or, failing 
this, a tachometer for measuring the speed of the supply alter- 
nator E \ switch S and non-inductive variable resistance R. *, 

Observation!.— (1) Connect up as shown in Fig., 130, levelling 
and adjusting to zero such instruments as require it. Start up 
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the experimental alternator and see that the lubricating arrange- 
ments are working properly. 

(2) With a suitable ammeter, variable regulator, and switch 
in series with the alternator field across the D.C. supply, close 
the field switch TJS, and adjust the speed to give the lowest 
readable value of periodicity (w) on F (or smaller value by tacho- 
meter), and adjust the field regulator to give some suitable 
reading on V. Now noto the readings of all the instruments, 
and particularly the value of V/n for future uso. 

(3) Noto tho readings of all instruments for each of a series 
of periodicities («) up to the highest permissible, taking care 
that tho value of Vjn (and therefore the value of the induction 
Ami) is the same at each periodicity. 

(4) Repeat the above for the same range of periodicity, but 
for each of two other widely different values of V, giving corre- 
sponding values of tho ratio V/n (and hence inductions B) kept 
constant throughout each range of ~ variation. 

Note. — If ih© appliance tested will safely stand, say, 150 
volts, then three values of the constant Vjn might be used, viz. — 

sir* ttn( ^ 50 ° r 2 an<1 1 ^ suitable variation of 

field excitation, thus giving three corresponding values of A in 
)V 

the core. Further, since is not likely to exceed 1*5 or 2-0 

watts per lb. in modern iron cores, a low-reading wattmeter 
will be required, unless the core is a heavy one. 

Tabulate as follows — 


Name . . . Dais . . 

Supply A’tori atnr : Period* per rev. P . . . 

Coro tesfcul : Form or tjpo ... M.iU*iial . . . 

Mean length of magnetic circuit l cm*. N.\ of inagneti?m i ' turn* T - 

Nut cross section of iron » sq. cm*. Res. of magnetising tin ng r= ohm*. 

Net weight of iron it> « ll>s. Tlneknosa of core laminations ■=* 

Net volume of lion v- c.r. Width of coio lamination «■> 
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(5) Plot curves having values of (n), as absciss®, with values 
of V, A and Wj respectively, as ordinatos, for each constant Vjn 
taken. 

(6) Determine the hysteresis and eddy current coefficients, 
and from 0 draw a straight lino, tangent to the curve relating 
Wi anl n, separating tho hysteresis and eddy losses, when 
ordinates of this line will represent losses due to hysteresis oc n, 
while the ordinate intercepts between it and the watt curve will 
represt nt losses due to eddy currents oc ?t 2 . 

Inferences. — State clearly what you can infer from the above 
results. 


(125) Measurement of Magnetic Hysteresis 
by Ewing’s Hysteresis Tester. 

This instrument, a general view of which is seen in Fig. 131, 
and for a full description of which seo Professor Ewing’s Paper 
in the Journal of the Institution of Electrical Engineers^ April 25, 
1835, has been designed to meet tho want which has been felt 
of a means of testing the magnetic hysteresis of sheet-iron or 
steel in a simple and expeditious way suitable for workshop as 
well as laboratoiy use. A few strips of the sheet metal to be 
tested are cut or stamped, five-eighths of an inch wide and three 
inches long. They are filed to the exact length when clamped 
in a gauge, which is provided with the instrument, and are 
then inserted in a carrier which is made to revolve by turning 
a handle. Tho carrier turns between the poles of a permanent 
magnet, which is suspended on a knife-edge. In consequence 
of the hysteresis of the specimen the magnet is deflected, and 
the amount of its deflection is observed by means of a pointer 
and scale. From this deflection the hysteresis of the specimen 
is determined. The magnetic induction is practically the same 
in all specimens, notwithstanding differences in the permeability 
of tho iron, on account of the comparatively large air-gap 
between tho specimen and the magnet poles. 

Two standard samples are provided with the^ instrument, 
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having stated amounts of hysteresis. The test of any other 
specimen is mado simply by comparing the deflection produced 
by it with the deflections produced by tho standard samples. 
This serves to determine the hysteresis of any specimen in 
absolute measure. 



Fig 131. 

The operation of the instrument is entirely mechanical, and 
icquires no knowledge of electrical testing. 
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(126) Measurement of the Impedance, React- 
ance, and Self-Induction of Alternator 
Armatures, Motor Stators, Transformer 
and other windings (by Alternating 
Currents). 

Introduction. — The following is a simple and an approximate 
method of finding the self-induction L of an inductive circuit. It 
depends on the fundamental relation subsisting between current 

(i) and impressed E.M.F. (F) in such a circuit, namoly — ■ 

V 

or, as it may otherwise be written, 

Imped ance - tJJFf + W = VjA, 

where the angular velocity of the current p=i2rn, n being its 
frequency in ^ per sec. 

Since by definition, the coefficient of self-induction L of 
\ . N 

any coiled circuit is =— where X is the total magnetic (lux 

threading the coil and produced by a current A , it follows that 
if the inductive circuit encloses, and is surrounded by, a non- 
magnetic medium, the value of L calculated will be the same 
for all values of A. If, however, it encloses an iron core, any 
variation of A will produce variations in tho permeability of, 
and consequently tho flux in, the. core, and tho \aluo of /Mvill 
vary with A. 

Thus tho impedance and self-induction of the primary of a 
static transformer, and of the stator winding of an induction 
motor will decrease as the secondary load of the former anti 
E.H.P. developed by tho latter increases, owing in each case 
to alteration of current and core Uux. The samo effect occurs 
with the armature of an alternator or of a synchronous motor, 
(he impodance and self-induction of which will vary with — 

(1) The armature current, since the core flux and permeability 
will vary inversely together as the current changes. 

(2) The magnetization of the core duo to any variation of tho 
field-magnet strength. 

(3) The type of winding used, i. e. whether “distributed” or 
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“ concentrated,” the former having small Rolf induction owing 
to the circuits being partly in both favourable and unfavourable 
positions for linking with the flux, the latter having a largo 
self-induction, due to all the circuits in certain positions in the 
revolution linking up simultaneously with the flux. 

(4) The reciprocal of the length of air-gap between armature 
core and field poles. 

(5) The exact position of the armature relatively to the field 
poles, especially with windings concentrated into single slots. 

(6) The induced currents in the pole pieces and field windings 
due to the armature current. 

Tn view of tho above considerations, it will therefore be 
obvious that the value of the impgdanco or self-induction of 
tho armature of an alternator available for calculation can only 
be a mean value as obtained in the mannor indicated in tho 
present list. 

Two methods of procedure are possible, according as to the 
mode of obtaining the Ohmic resistance R. 

(a) R may bo measured in tho usual way on a Wheatstone 
Bridge either before or after the test, in which case a measure- 
ment of the current at a known voltage, or vice versd together 
with (w), at once givos the self-induction L. 

(h) R may bo obtained by Ohm’s Law in terms of a continuous 
current and pressure when this latter is available, and therefore 
no Wheatstone Bridge is necessary. This method of procedure, 
which is tho one adopted in the present inslanco, has the further 
advantage that in cases whero R is liable to heat up, due to tho 
current, its value will bo obtained correctly, which would not bo 
so if obtained. by the bridge. 

The following precautions should, however, bo carefully observed, 
and are practically the samo as appear in the measurement of the 
resistance of an electric glow lamp while running ( vide p. 47). 

If the voltmeter is shunted across the terminals of L f then its 
reading is correct, but the true cunent through L which is required 
=■• ammeter reading - voltmeter current. If, therefore, an electro- 
static voltmeter is employed this correction does not occur, but if 
a hot wire voltmeter is used, the correction should be made, as the 
voltmeter current is not usually negligibly small compared with 
the main cuiront. 
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If the voltmeter is across the ammeter and L combined, thon 
the true voltage across L - voltmeter reading - voltage absorbed 
in ammeter. Owing to the low resistance of the last-named 
usually, this correction is negligible, but must- be made if the 
ammeter resistance is considerable. In this arrangement we also 
have — 

True self-induction of coil = calculated L - self -induction of 
ammeter. 

The test can be performed either using the samo voltage 
from tho direct and alternating sources and noting the relative 
currents, or employing the same current and observing the relative 
direct and alternating volts necessary to send this current through 
the circuit, the frequency in either case remaining the same. 

In the present instance the latter way will be adopted as being 
more readily applied. 

Apparatus. — Inductive circuit L to be tested ; alternating 
current voltmeter V, preferably electrostatic; Siemens electro- 
dynamometer or A.-C. ammeter A 
(Fig. 251); varinblo non-induetivo 
resistance/? (p. 508); change-over 
switch S (p. 582); alternator 1\ 
with its tachometer ; direct current 
dynamo or secondary battery D. 

Observations.— (1) Connect up 
as indicated and ad j nst the pointers 
of A and V to zero. Before starting 
see that all lubricators in use feed 
slowly. 

(2) Make R as large as possible 
and switch S over to />, adjusting 
A to the maximum current which 
L will carry. Note the current A amps, and the volts V D across Z. 

(3) Turn S over to P and adjust R and the speed of P so as to 
again obtain the same current A amps. Note the volts (F„ ) and 
the speed of alternator. 

(4) Open 8 and make R as large as possible again. Repeat 
2 and 3 for about ten different decreasing values of current to 
the smallest convenient, and keep the speed of P constant through- 
out, its excitation being varied, if necessary. 



Fig. 132. 
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Note. — Tf the double pole change-over switch S is not avail- 
able, the common circuit containing A, L and R can bo closed 
to 1) through a s'ngle pole switch, and a series of pairs of values 
of A and V first taken in order to obtain the olnnic resistance 

^ of L. P can then be substituted for /), and a similar scries 

tiken with alternating currents of the same scale values on A 
as before between 0 and the maximum L will carry at constant 
frequency. 

(f)) If the inductive circuit has a removable magnetic core, 
as e (/., in the central movable core open magnetic-circuit typo 
of choking coil. Then operate obs. 2-4 above, or the alternating 
current series only of observations mentioned in the Note above, 
with the core (a) central in the coil, (?>) removed altogether 
away from the coil. 

((>) If the inductive circuit L (Fig. 132) consists of the 
armature of an alternator the impedance and self-induction of 
which is required, the A.C. supply should have the same 
periodicity as the normal value for the machine under test. 
Then, with the field magnets of the machine under test, unexcited 
vary R so as to obtain about a quarter, half, three-quarters and 
full-load currents (.() through the armature, noting tne corre- 
sponding readings of V at each of a series of positions of the 
armature throughout a fraction of a revolution equal to half 
the polar pitch. 

(7) Repeat (*i) with normal field excitation and tabulate as 
indicated. 

(S) Plot curves for each fraction of full-load current having 
impedance and self-induction respectively as ordinates with 
positions of armaluro throughout the half polar pitch as 
abscissa?. 

Inferences. —State clearly all that can be deduced from the 
results of the test, and find the average value of the impedance 
and self-induction, and tabulate as follows — 
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Nam* . . . I)atr . , 

Alternator: Speed . . . fl.p.r». TertodB per Rovo'utlon K = . . . 

^ KN 

Frequency n ■ ~ = . . . por s.c. p = 2nn = . . . 

Nature and form of roil tested ... 



(6) Plot curves having values of L and V a as ordinates and 
the corresponding currents A as abscissa: in each series. 

Inferences. — What can you infer from your experimental 
results 1 On what does the self-induction of an alternating 
current circuit depend 1 Show how the formula given for L can 
be obtained. 


Self-induction by Rowland’s Alternating 
Current Method. 

General Remarks. — Every electrical conductor possesses three 
qualities, namely, (1) Electrical resistancey which depends on the 
size and material of the conductor. 

(2) Electrical capacity depending on its surface and form, and 
on the specific inductive capacity of the surrounding media 
(i.e. dielectric). 

(3) Electrical inductance , which depends on the shape and form 
of the conductor and on the magnetic permeability of the 
surrounding media. 

This last-named property may be of one or other of two . 
kinds, namely, either the solf -induction of the conductor on itself, 
or the mutual induction of the conductor and a neighbouring 
circuit on one another. 

The quality (1) above is usually easily obtained, except perhaps 
in the case of electrolytic liquids, and this only ii\ one or two 
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methods j the other qualities aro much more difficult of deter- ' 
mination, and almost numberless methods have been devised for 
obtaining them. 

In general it may bo remarked that relative or comparative 
measurements are moro accurate tTian absolute ones, though the 
final results might be completely vitiated by comparing with 
an inaccurate standard. The former remark results in the 
difficulty experienced in accurately measuring an alternating 
current, and from the fact that its E.M.F. wave may differ 
considerably from that of a sino curve. 

In employing condensers in methods of measuring self and 
mutual induction, considerable difficulty is usually met with in 
the phenomena of electric absorption. Professor II. II. Rowland 
has found that this can bo represented by a resistance placed in 
series with the condenser, which resistance is a function of the 
squnro of the current period. 


(127) Absolute Measurement of Self-induction 
(by Alternating Currents). 

Introduction.- The following method of measuring the self- 
induction of a coil, duo to Professor Rowland, necessitates the 
employment of ordinary single phase alternating currents of 
electricity with an eleotro-dynamomoter specially constructed, so 
as to bo as sensitive as possible. It is possible to mako such 
an instrument, having its fixed and moving coils connected up 
to two distinct pairs of terminals, that it will detect 0*0001 
of an ampero with a self-induction in the suspended coil not 
exceeding 000075 henries, and in the lixed coil of not more 
than 0-0006 henries, capable of carrying about 0T ampero 
comfortably. 

Such an instrument obviates tho necessity for using largo 
currents in order to obtain accuracy and sensibility. If ( d ) = 
the deflection of the swing coil from zero when its plane was 
perpendicular to that of tho fixed coil, C 1 and C 2 - strengths 
of the alternating currents flowing through the movable and 
fixed coils and having an angle of phase difference 0 . Then 
d « C l C 2 ops. 0. 
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The principle of the present method consists in adjusting C 1 and 
(? 2 to a phase difference of 90°. 

In deflection methods cos. 0 is greater tlwn 0, while for zero 
methods cos. 0-0. In tho former the self-induction is obtained 
in terms of resistance and the angul ir velocity of the current 
p = frequency, which consequently require that (n) the 
frequency should be constant and accurately known to at least 
l/o i* 1 which case the results will probably agree to within about 
the same amount. 

Apparatus. — The electro-dynamomoter, of which (/) is the 
fixed, and ( m ) the moving coil ; non-inductivo resistance r ; 

sourco of alternating current; 
and the self-induction L to 
be measured; switch S ; rheo- 
stat 1th (non-inductivo). 

Observations. — (1) Con- 
nect up as indicated in Fig. 
133, placing L and a non- 
inductive resistance It in 
series with the moving coil 
(w), and tho combination 
across tho terminals of a re- 
sistance (r) in the main circuit in which tlio fixed coils are also 
placed. 

(2) With tho moving coil adjusted to zero, Rh at a maximum, 
close S , and obtain a convenient deflection d by adjusting Ilh and 
tho non-inductive resistance It in tho moving coil circuit. Koto 
this deflection ( d) and the speed (A r ) or periodicity (») of tho 
alternator and tho added resistance U in circuit with L. 

(3) Remove the self-induction (L) which is being tested, and 
add a non-inductive resistance to tho swing coil circuit such that 
tho same deflection ( d) as before is reproduced. Noto the 
new resistance R! in the circuit, the frequency ( n ) ^^per sec. 
being the same as before. 

(4) Calculate tho self-induction L tested from the relation 



and tabulate as follows— 
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Namb . . Dath . . . 

Alternator : Ferlods per revolution K » . . , p = 2rm. 

Self-Induction tested : Nature . . . 


Speed ot Alternator 
iVicva. per. min. 

frequency 
tr N 

n = - per. sec 

(10 

Resistances. 

Deflection 

(4 

Self-induction 

r. 

R. 

IV. 

L. 

Mom; 

L. 



_ 






(5) Repoafc 2 — 4 for different deflections (<f) at constant fre- 
quency. Also for different frequencies with the same defloction. 

N. B. — Great care must be taken to keep the frequency constant 
throughout any pair of readings. 


(128) Comparison of Two Coefficients of Self- 
induction (by Alternating Currents). 


Introduction. — When an accurato standard known self-induc- 
tion is available the value of an unknown induction can be moro 
accurately determined by comparison, for in this case the 
measurement is independent of frequency.# The following method 
due to Professor Rowland is a zero one, and is similar in many 


respects to the preceding method, though this was a deflection 
method. The effects of induction and electrostatic action of the 
various parts of the circuit on ono another must be caiefully 
avoided as much as possible, and in this connection it should be 
remembered that a twisted twin lead possosses the latter quality. 

Apparatus. — Tho unknown self-inductions L l to be compared, 
with a standard L (known ) ; non-inductive resistances r t R } A y 
and rhoostat Rh; switch S; 
source of alternating current 
E ; electro-dynamometer of 
which (/) is the fixed and 
(in) the moving coil. 

Observations. — (1) Con- 
nect up as in Fig. 13 1, the coils 
L x L 2 being together, and 
adjust the moving coil to 



- - Af\i m > 

Rh A 1 

A/VWl • 


(2) With Rh large close S, and adjust the current to a 
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convenient value, and adjust R, R' and r so as to get wo deflection 
of the moving coil for tho currents in / and m. 

(3) Calculate the self-induction in terms of the standard from 


the relation 7 - = 


L R + R 


, and tabulate as follows - 


Name . . . Date . . . 

Alternator : Periods per Revolution £«=.., p ~ 2irrt. 
SolMnduetlon tested : Nature . . . 


Speed of 
Alternator 
(A) 

revs, per min. 

Frequency 

KN 

* = W 

'-\ w , per sec. 

Known 

Self-md. 

L. 

Resistances. 

Ratio 

Hh. 

Unknown Sulf-ind. 

R. 

A’\ 

r. 

secolims. 

Mean 

L h 










(4) Repeat 2 and 3 for different values of L, R, li, 1 and r at 
constant frequency (w). Also for the former constant at different 
frequencies. 

Notes. — When equal self-inductions aro being compared it is 
found that the accuracy depends only on the sensitiveness of D 
to changes in (R + R') t and this instrument may bo such that it 
detects differences or changes of 0 01 %. 

If it is noticed that increase of frequency causes a diminution of 
tho resulting value of L v then the eloctrostatic capacity of the 
turns of tho coils on one another is asserting itself and cannot bo 
avoided. Considerable care should be taken to avoid this source 
of vitiation as much as possible, and also that duo to heating of 
the conductors, etc. To minimize tho former error, use short 
small wire leads, somo distance apart, and not twisted twin lead. 

(129) Self-Inductions in Series and Parallel. 
Experimental Determination of Laws 
of Combination. 

Introduction. — An electrical circuit may contain any or all of 
the three qualities — self-induction, capacity, and ohmic resist- 
ance. The last-named is always present, and may be combined 
with one or both of tho former. 

Let us suppose that no capacity is present, then the circuit, 
whether consisting of several distinct portions either in series or 
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parallel, or a combination of those, each having its own particular 
self-induction and ohmic resistance, possesses on the whole one 
definite effective value of induction and resistance, which may be 
termed the “combined, equivalent, or effective” self-induction and 
ohmic resistance of that circuit composed of such detailed portions. 

In alternating current work it is of great importance to know 
the way in which various combinations of self-inductions and 
ohmic resistances will affect the working conditions of a circuit. 
The present test is devised with a view to elucidating these points 
for the three different forms of circuits or combinations, as 
follows — 

(a) The self-inductions and ohmic resistances in simple series 
only. 



I 


r 1J0OTO — 'cfffdiy 


I £> 

* B R 

IfLP 

y 

w ftps 

nrikfc 


lg J 


J 

w 




Fio. 135. 


(/3) Sel f-ind uctions and resistances partly in parallel and in scries. 
(y) „ „ „ in parallels only. 

Apparatus. — Source of alternating current, preferably an inde- 
pendently driven alternator T), the exciting circuit (not shown) 
and the speed of which are under control ; Siemens electro- 
dynamometer (Fig. 25 1 ) or Parr direct-reading alternating current 
ammeter A (p. 57:2); hot wire or electrostatic voltmeter V; non- 
inductive rheostat r (p. DOS) ; switch S ; speed indicator ; four 
coils A — D to be experimented upon, as nearly alike as possible, 
and capable of being used with or without iron cores, which 
latter are also similar in all respects. 

Observations. — (1) Connect up as in Fig. 1351., and adjust the 
pointers of all the instruments to zero, levelling such as require it. 
(2) Connect coil A (only) to W (I.) and remove its iron core. 
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See that all lubricating cups are feeding slowly, then S being 
open, start D up to a convenient speed, N revolutions per minute, 
which must be kept constant throughout all the tests. 

(3) With (r) at its maximum, and the excitation low to start 
with as a precaution, close S, and adjust r and the excitation so 
as to give f, and full or maximum safe current through 
coil A successively at constant speed. Note the reading of the 
voltmeter V and ammeter A simultaneously at each, then opt n 8. 

(4) Repeat 3 for each of the coils B , C and 1) singly withoi t 
their cores. 

(5) Repeat 3 for the coils connected 2, 3 and 4 in series 
respectively, i. e. as in a. 

(6) Repeat 3 for the coils connected 2 in scries and 2 in 
parallel, i. e. as in p. 

(7) Repeat 3 for the coils connected 2, 3 and 4 in paiallel 
respectively, no iron cores being used in any of the cases above. 

(8) Repeat 2 -7 with iron cores in all cases, if possible. 

(9) Repeat 2-8 with an entiroly different speed, and therefore 
frequency of alternating current. 

(10) Measure the ohmic resistance of each of the coils A— -I) by 
a Wheatstone Bridge in the usual way, and calculate tho self- 
induction (L c ) of the coil or combination of coils from the relation 

ampcrc9 : 

where E a = combined or effective ohmic resistance of the coil or 
combination of coils obtained by employing the ordinary ru’es 
for the combined resistance of coils in series and parallel. Tabu- 
late your results as follows— 


Name . . . Date . . . 

Alternator : Speed N = . . r.p.m. Periods pir Revoln. K = . . 

KN A'iV 

Frequency of the Current = . . . per nf. p - 2 mi - 2>r ^ = 


1 

u 

o-a 

li 

i 

Cuirent, 

Volts F. 

Effective ohm c 
Resistance of Circuit 
tested Ji. 

Inductance 

L c p. 

H 

<t> 

i 

i 

o 

a 

To 

3 

Impudence. 

Sclf-iiidi etion. | 

& 

s 1 

0 3 

§1 

1 

i 

S 

1- 

V J 2 + Ji c“- 

i 

-p 

CO 

! 

r3 

3 II 

t 

* 

1 

5k 

1 

* 

> 

Calculated. 



, 

. 










_ 
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I For pure series combinations such as (a) Fig. 135, show that 

j= V(A + h + 4, + ...) V +~(« i + u % + it a + ... 

or generally that 2 = V 1 + (SA) 2 , and therefore that the 

total effective self-induction Z 0 = sum of the individual self- 
inductions composing the circuit. 

II. For series-parallel combinations such as (/?) Fig. 135, show 
that 

- j(Z, + zgy m+S j(4 , + z gg + IK + M 
VpZ)V+(2A') 2 

m. For pure parallel combinations such as (y) Fig. 135, show 
that 

I- 

where / is the impedence of each parallel branch. 

N.B. — In the present test it is assumed that the coils are 
incapable of having any mutually inductive action on one another, 
and consequently thoy must bo arranged not to have such when 
making the test. 


The Electrostatic Capacity of Electrical 
Wires and Cables. 

General Remarks. — The condition for obtaining an electro- 
static capacity is the passago of a quantity of electricity into one 
of two conducting bodies which are separated by an insulator. 
Such an arrangement constitutes what is commonly termed an 
electrical condenser, the two conducting bodies being called the 
“coatings,” and the separating insulator the “dielectric” of the 
condenser. Now it will be obvious that any insulated electrical 
wire or cable in contact with earth or its equivalent will form a 
condenser, the inner conductor or wire and earth being the two 
coatings, and the insulation of the cable the dielectric. In the 
case of an insulated cable possessing only one core, whether 

B B 
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consisting of one wire or a strand of wires, we shall obtain one 
particular definite capacity with a definite position of the cable. 
In other words, the capacity will depend on the geometrical form 
of the wire, so that if it was coiled up in a tank of water the 
capacity wo -Id not bo the same as if it was laid out straight on 
the ground. 

The actual value will depend in addition on the length and size 
of cable, and on the thickness of the insulation and its spocific 
inductive capicity. The latest forms taken by cables, in which 
one conductor completely envelops another, but is insulated from 
it by a fairly uniform stratum of insulating material between the 
two, possess this property of having an electrostatic capacity in 
a more marked degree than the simple form mentioned above. 
Such a concentric cable, as it is termed, possesses a definite 
capacity per unit of length, and which is independent of how the 
cable is placed, i. e. whether coiled or straight. For continuous 
currents the capacity of cables or wires is of no practical import- 
ance, but for intermittent or alternating currents the case is 
otherwise. In submarine telegraphy the cable has naturally a 
very considerable capacity, while the current is intermittent ; 
consequently when the circuit is closed so as to send a message, 
the cable has first to be charged by the sending battery before 
any current arrives at the receiving end for actuating the receiv- 
ing appliances. This may take some seconds, depending on tho 
length of cable, i. e. on its capacity. Thus the effect of capacity 
in such an instance is a detrimental one, giving rise to what is 
called “ inductive retardation,” and diminishing the spoed of 
signalling. Here, in the above instance, wo have the case of a 
single cable stranded conductor of which the copper core forms 
one coating, the iron sheathing and water the other. 

With concentric cables, it has already been remarked tnat their 
capacity is greater than with single cables for equal lengths and 
section of conductors in the two cases; but the former possess the 
advantage that whereas the “outward” and “return” leads are very 
close together, in fact one encircling the other, their inductive 
action on telegraph and telephone wires in the vicinity is practically 
nil , as the external magnetic field produced is very small. This 
is of great value in alternating current distribution, for since the 
magnetic field produced by such currents alternates_ rapidly in 



ELECTRICAL ENGINEERING TESTING 


371 


direction with the alternations of current, the inductive action of 
alternate current cables on such wires would otherwise be great. 
The capacity of a concentric cable can at once be calculated from 
the analogy to a cylindrical condenser as follows — 

Assuming the two conductors to be both concentric and cylind- 
rical, let R — radius of the inner surface of the outor conductor 
and r = radius of the outer surface of the inner one, and also let 
L — length of cable in /xmtiinetres. Then its capacity in farads — 
„ _2-413 v KL 
' 10“ Ii - log 10 r 

where K= specific inductive capacity of the dielectric or insulat- 
ing material, which for paper =1*86 about, for india-rubber 
(pure) 2-34, vulcanized 2 9*1, for gutta-percha 4*2, and resin 2*55 
about. 


R 

It may bo noticod that since (log 10 /f-log 10 r) = log 10 — tho 

units in which the radii are measured is quito immaterial, so long 
as tho same is employed for each ; the diameters 1) and d corre- 
sponding to R and r, may be used instead if we like, whence we 
shall havo the 


„ .. 2-413 KL w . 

Capacity = — x - — 1 arads = 

F ^ 1013 lo g 10 */r 


2-413 w LK 


Microfarads 


1013 "lo fctfr— ^ " logi 0 7j 

rod uring tliis to JMfds. per mile (statute) which = 160,933 cms. 


Capacity = — 


2*413x160,933 K 


107 




K 


Ho "h 25 7 O' log"/,} per mile. 


Mfds. 


The capacity can readily bo measured by means of the “method 
of mixtures” duo to Lord Kelvin, and which is one of the best 
for the purpose. A complete digost of this and other kindred 
methods will bo found in Practical Electrical Testing , p. 182, 
by the author, and they will not therefore be ropcated here. 

It may, however, be remarked that in testing the capacity of 
electric light and othor cables by this method of mixtures tho 
E.M.F. employed may conveniently bo about 100 volts, and 
referring to Fig. 82, p. 184, of the above-mentioned work, the 
resir tanco AD II might be 100,000 ohms, and D connected to earth 
or tank if a singlo conductor cable is being tested. If it is a 
concentric cable this will nob bo immersed, and its two con- 
ductors at one end must be carefully insulated, while their other 
ends will form the two terminals of the capacity to be testod. 
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(130) Measurement of the Electrostatic 
Capacity of Concentric— or Ordinary— 
Cables and Condensers. (Alternating 
Current Method.) 

Introduction. — 'When an alternating-current E.M.F. is placed 
across a condenser or, say, a concentric cable, a certain measurablo 
alternating current flows into the. condenser or cable, oven though 
in the latter the two conductors are quite free of all connections 
to lamps or any other applianco throughout their entire length. 
Moreover this current, which is called the “ capacity current ” of 
the cable, is not in phase or step with the periodic impressed 
E.M.F. , but leads in advance of it, and constitutes what is called 
a Wattless or idle current , to distinguish it from the load or useful 
current which would flow in the cable when lamps or other 
appliances were switched on. In other words, it represents waste 
energy in the copper of the mains so far as the utility of the 
current is concerned, and tho effect is always present with 
alternating currents. Thus it becomes of importance to know 
this idle or capacity current in order that its flow in the cable 
may not be mistaken for leakage current when no apparatus is 
connected to the cable. 

It should also be noted that this current is out of step or phase 
with the main current. 

The value of the capacity current in any cable can be deduced 
when certain constants are known. Thus — 

Let A = virtual or Jrm an square value of tho capacity curront 
in amperes, 

V = virtual or -s/mean square value of tho E.M.F. impressed 
in volts, 

between the two conductors. 

C ~ capacity of the cable in farads, 
and p = 27 m where n = frequency of the alternating current in 
periods per second, 

V 

then A - -y = CpV amperes, 

Cp 
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— being the effective resistance to the passage of the current or 

reactance of the cable or condenser. 

If C is in microfarads per mile and L = length of cable in miles, 

. CLVp 2imCLV 
then A = - ^ - = — amperes, 

whence C =■ mfds. per mile. 

LV2im r 

TJie present test is 5, very practical one and can nearly always 
be applied if the working pressure V is available. 

Apparatus. — Cable or condenser to be tested (C ) ; either a 
Siemens electro-dynamometer, hot wire or Parr ammeter A (p. hi I), 
each of which will correct- I 

ly measure the >/(mcan) 3 F~ 1 y T" *— 

value of the current ; an / . ' t~Ja 'I c 

electrostatic or hot wiro ^ I _ .-4 

voltmeter ( V ), preferably , I \ 

the former ; tachometer ■ A ! 

for measuring the speed Fra iy6> 

of tho alternator D, and 

from it deducing the value of (n); switch S. 

Observations. — (1) Connect up as shown in Fig. 1 .‘hi, and adjust 
tho pointers of V and A to zero, carefully levelling them if 
necessary. 

(2) Carefully “ free ” and insulate the far end of tho cable, and 
prepare the near end so as to mako contact with tho two 
conductors I and II. 

Note. — If a condenser is being tested I and II will now be its 
terminals. 

(3) Close S, and with D running at constant speed take some 
six or eight widely different values of V by altering tho excitation 
of 1), and note tho corresponding values of A simultaneously 
with V. 

(4) Next run D at six or oight different speeds, keeping V 
constant by altering the excitation, and note the corresponding 
reading on A for each speed. 

(5J Calculate tho capacity tested from the relations — 

1014 

C — yz — mfds. for a condenser, 
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c 


10<M_ 

LY'hm 


mfds. por mile for a cable, 


and tabulate aa follows — 


Namb . . . Date . . . 

Cable tested : Typo . , . Malcer . . . Size . . . Insulation . . . 

Condenser: Type . . . Maker , . . Dielectric . . , 


Length 

of 

Cable 

(l) 

miles. 

Speed 

of 

Alter- 

nator. 

& i 

& 

£ ( > 

Volts V. 

Inductive 

Reactance 

1 

*■ 

| Current. 

| Capacity of | 

to £ 

1= 
oj O j 

K t 

f 

j 

P. • 

r 

1-3 

|S 

0 a 

O " 

Cable Mfds. 
per nun. 

1 III 

\ 

1 

1 

; 


1 


(131) Measurement of the Electrostatic 
Capacity of Short Lengths of Submarine 
and Electric Light Cables. (Kelvin Dead 
Beat Multicellular Voltmeter Method.) 

Introduction. — The effects of electrostatic capacity in a cable 
on the intermittent or alternating currents flowing in it have 
already been mentioned (vide p. 370), consequently it is desirable 
to obtain tho value of its capacity. The following is a convenient 
and accurate method of measuring the capacity of any insulatod 
conductor comprising a short length of submarine, telephone, 
telegraph, or electric light cable, and its great advantage lies in 
the fact that it is applicable to short lengths. 

The method, which is very analogous to tho “Siemens sub- 
traction method,” except that only one deduction is made, consists 
in charging a standard known condenser to a measured potential 
and observing the fall of this on connecting the cable as a 
condenser in parallel with it. The condition for maximum 
accuracy, i.e. when a slight error in reading tho diminished 
value of potential has least effect on the final result, has boon 
shown to be when the standard- capacity is equal to that of the 
unknown, or when the diminished potential « half the original 
value. 

For accurate work it is necessary to employ two or three 
small corrections— one arising from the multicellular voltmeter 
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possessing a small capacity itself which varies with the deflection 
of the suspended needle vanes, being less for smaller deflections. 
It is of the ordor of about 10“ 6 mfd., and in most cases can be 
neglected in comparison with tho capacity of the standard 
and cable to be tested, at least when these aro of tho order of 
0*01 mfd. or greater. When, however, extreme accuracy is 
required, the potential-capacity curve of the voltmeter, which is 
supplied by the makers, must bo referred to, and the capacities 
of it, for tho deflections obtained, taken into account. 

Another correction is for loss of charge duo to loakago occurring 
in the voltmeter, condenser, and cablo; sinco during tho time 
taken for the needle of the multicellular to como to rest after 
cutting off tho battery or charging E.M.F. and putting the cablo 
in parallel, the potential may have fallen owing to leakage. 

It may therefore bo necessary to determine tho loakago of 
the voltmeter, cablo, and condenser, which can be done as 
follows — 

(a) Charge tho voltmeter to some conveniently largo potential, 
and take readings of potential and time after disconnecting tho 
charging sourco. Then the curve plotted with potential as 
ordinates and time as abscissa) shows tho rate of fall of potential 
at any time after the disconnection of tho charging source. 

(b) Join the voltmeter and standard condonser in parallel, and 
repeat tho preceding operations. Then tho leakage from tho 
condenser will be given at any time by the difference of the 
ordinates of the curves in a and b. 

(c) Join the voltmeter and cable in parallel and again repeat. 
From these results leakage of the cablo can be found at any time 
by subtracting the ordinates of tho curves in a and c. 

Preparation of Cable Ends. — The free ends of the cable 
should bo bared of the outer insulation down to tho pure rubber 
for a space of some 2|", and the rubbor itself pared or tapered 
with a clean sharp knife for a length of about 1|" from tho 
end; tho ends should be carefully dried over a spirit lamp. 
One end should then be repeatedly painted with melted paraffin- 
wax (for some 3£" from the end) heated to a temperature not 
exceeding 100° 0. by means of boiling water. Tho other end of 
the cable after having a short well-insulated gutta-percha wire 
soldered to Jhe copper core should be treated in a similar manner. 
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This method of preparation if carried out carefully will provent 
all end leakage. 

Apparatus. — Kelvin dead beat multicellular electrostatic volt- 
meter V (Fig. -40) ; Kelvin standard air leyden or condenser C 
(p. 616); cablo L to be tested 
immersed in a metal-lined 
water-tank T; highly insu- 
lated two-way key K (p. 586) ; 
battery li giving an E.M.F. 
of something liko 100 volts; 
and a fino fuse F to act as a 
safeguard in case of accidental 
short circuit in the condenser 
or voltmeter. 

Observations. — (1) Care- 
fully prepare the ends of the 
cablo as indicated above and 
immerse the cablo in the tank 
T, taking care not to allow the 
prepared ends D and d to got wot; these must be trained up 
out of the water. 

(2) Connect up as in Fig. 137, taking care that tho insulated 
terminal LT. of both 7 .and C are joined as shown. Adjust tho 
pointer of V to zero if necessary and see that a fine fuse 
is in F. 

(3) Press K to 2 to charge V and C, and note tho reading V l 
on the voltmeter when steady and then release K. Now observe 
the reading for one or two minutes to seo if there is any sensible 
loss due to imporfect insulation in V or C } and if so, whether it is 
small enough to neglect. 

(4) Close K to 1, and in fifteen to twenty seconds, which is 
usually long enough, note the steady diminished reading V i on 
the voltmeter. 

(5) Kepeat 3 and 4 with different charging E.M.F.s, and 
calculate the capacity of the cable L from the relation — 

K 2 

where C a » standard capacity, in this case 0-0025 mfd.,and K X K % 
the capacities of the voltmeter at potentials V l and V 2 
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Namr . . . Datr . . , 

Standard Capacity : Typo . . . Capacity = . . . mfda. 

Cablo tested : Typo . . . I *ougth (!) . . . Insulation . , . 


E.M F. 
llSCll to 
Charge. 

Volt' kos. 

Capacity of Voltmeter. 

Capacity of Cablo. 

Initial Fj. 

Final 

A'i 

at r j. 

*2 

ut Fa. 

C L Mfria. 

Sf Mfd. 

1 

per mile. 



1 

1 





(132) Measurement of the Electrostatic Ca- 
pacity of a Concentric Cable Ballistically. 
(Standard Magneto Inductor Method.) 

Introduction.— When some standard form of magneto inductor 
is available, the form devised by Dr. W. Ilibbert being a very 
convenient and easily manipulated one, the capacity of a concern 
tiio or other electric light cablo can bo readily determined, pro- 
viding a few other additional pieces of apparatus are available. 
The reader should note the general introductory remarks on p. 
309 concerning the capacity of cables in general, and also those of 
the alternating current method of measuring the capacity of cables, 

Tho present test can he employed for finding the capacity of 
cables in tanks and of ordinary and concentric mains. As, how- 
ever, the former are best 
tested by the “ method of 
mixtures" (p. 371), wo shall 
here only consider tho test 
of a concentric cable by this 
inductor method. 

Apparatus. — Standard 
inductor to bo tested / 

(Fig. 138); sensitive ballis- 
tic galvanometer G ; con- 
centric cable to be tested 
C, of which F is the free 
and well-insulated end, *9 
tho inner conductor, and 0 the other; box of known resist- 
ances r; battery B, of known E.M.F., or, if this is unknown, 
a standard ^voltmeter to measure the P.D. ; two-way spring 



Fm. 133. 




378 


ELECTRICAL ENGINEERING TESTING 


tapping-key K (p. 586) ; ordinary spring tapping-key K i ; damp- 
ing-coil with its cell and key. 

Observations. — (1) Connect up as in Fig. 138, and adjust the 
galvanometer needle to zero, carefully prepare the free (far) end 
of the cablo, viz. F \ in the manner described on p. 375, and also 
the (near) end as well ; by so doing the vitiation of the results 
from leakage across the cable ends will be avoided. 

(2) AT and A r 2 being opon, adjust r to a low value, such that 
pressing K z nearly a full-scale throw d l is obtained on slipping 
down I. Noto this value of d x and the box resistance r ohms. 

(3) K i being open, adjust the voltage of the battery B to such 
a value that on closing IC2 for two or three seconds, then open- 
ing it, and immediately closing K 1, a first throw t^is obtained 
on discharging C, as nearly as possible oqual to the former. 

N.B. — Two or three throws should be taken in both 2 and 3, 
and the means noted as being more accurate. 

(4) Obtain the mean throw on tho chargo in a similar way by 
first closing AT for a few seconds so as to completely discharge 
C, and then opening it and closing K2 afterwards. 

Note. — Care must be taken that C is each time discharged 
before taking the charge throw. 

(5) If possible employ three or four different voltages and 
repeat 2 and 3 with each of them, keeping tho deflections dj 
and d c about equal to one another, preferably by varying r to suit. 

(6) Calculate the capacity of the cable tested from the relation 

C = lWVR'7lr M&lais ’ 

where F = total magnetic flux in the air-gap of the inductor and 
R = total resistance in ohms of the inductor circuit. 

Tabulate as follows— 


Nam* . . . Path . . . 

Standard inductor . . . ; turns Jf *» . , . ; resistance r £ =s . . . ulims. 
Galvanometer resistance 0 - . . . ohras ; Total Flux F = . . . C.G.8. lines. 
Cable tested : Type . . . Maker . . . 

Length of Cablo L = . . . miles. Section (for reference only) = . . . sq. ins. 


Mean first 
throws. 

Resistance in Ohms. 

T.D. if 
variable 

Y. 

Capacity in 
Microfarads 
C. 

Mean 

Capacity 

C. 

Capacity of 
Cable in 
Mfds. 
per mile 

GIL. 

di. 

do 

In box 
r. 

Total 

*„ r + rj j + G, 
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Inferences. — Show how tho relation given in 6 can be ob- 
tained, and state any assumptions made in obtaining it. Is any 
correction required for greater accuracy in tho relation for C 1 

(133) Measurement of the Electrical Power 
absorbed in Alternating Current Inductive 
Circuits. (Three-voltmeter Method.) 

Introduction. — The measurement of alternating current power 
depends on tho nature of the external circuit. Thus, if this 
circuit is non-inductive, then the true power W = amps. 
( A ) X volts ( V ), the former flowing in tho external circuit at 
a terminal potential difference ( V ). 

If the circuit is inductive, ^pd every circuit is to some slight 
degree, then Jl r = A V cos 6, where 6 ~ angle of phase difference 
of the current A behind tho voltage V and tho product (A x F) 
is called the apparent power absorbed. 

The measurement, therefore, of this electrical power accurately 
is more difficult than that in the case of a direct current circuit, 
owing to tho effects of self and mutual induction and capacity 
which appear in alternate-current (A-C.) working. In such a 
case a Wattmeter may be used, but it must be practically non- 
inductive to give accurate results. Another method to employ, 
which will give accurate results even though most of the circuit 
is highly inductive, is that known as the “ three-voltmeter 
method” and it has tho advantage that only one A.-C. voltmeter 
is required, though three similar ones may be used if available. 
By it the true power absorbed by the circuit may bo obtained 
with any degree of accuracy desired by using an accurately 
graduated voltmeter, and by carefully repeating the readings 
two or three times and noting the mean in each case. 

The three-voltmeter method, which was simultaneously sug 
gested by Prof. Ayrton, Dr. Sumpncr and Mr. Swinburne, gives 
a true measure of the power given by any current, whether har- 
monic or otherwise, to any circuit, inductive or not. It has the 
disadvantage that, as the differences of squares of quantities is 
being taken, a small error in the quantities themselves may make 
a considerable error in tho final result, especially if the angle of 
lag 6 is largp. 
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The voltmeter used must be such as will not alter the voltage 
across tho points to which it is applied. Tn other words, it 
must have a high resistance compared with that between these 
points. 

An electrostatic voltmeter most accurately fulfils this condition, 
but if a hot-wire voltmeter is used (of relatively low resistance), 
the main current must be large compared with its own current, 
or an error will thus bo introduced. 

With this apparatus we are in a position to investigate the 
following important characteristics of an inductive circuit formed 



by, say, a choking coil or the primary of a static transformer, 
etc., namely — • 

(1) Tho true power absorbed in the whole and each part of the 
circuit. 

(2) The angle of phase difference between tho current and 
both the supply and choker voltages. 

(3) The impedance, ohmic, and inductive resistances, and self- 
induction of the choker. 

The vector diagram for the circuit PR is that shown in Tig. 139, 
and is constructed as follows : set off a vector oa equal to tho 
total voltage V across PR to any convenient scale. With radii 
ob = r 2 and ha — V x and centres o and a respectively, draw 
arcs intersecting at b , join b to o and a and produce ob to meet 
a perpendicular from a in the point c, Then oba is the triangle 
of E.M.F.S for PR, and bca that for PQ where r x and L are 
the ohmic resistance and self-induction of tho inductivo portion 
j VQ. Since QR is non-inductive, the current A and voltage V t 
are always in phase, and hence by Ohm’s law V 2 — Ar where 
(r) is the ohmic resistance of QR, and oc will be coincident with 
the current vector. Thus $ will be tho angle of ph$se difference 
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between the current {A) and total voltage F, wliilo 0 X will bo 
that between A and the voltage V v 

Note. — Errors in V, V 1 or V# or in the graduation of the volt- 
meter scale, will have least elFcct on the result when V l = V 2 , 
which is the condition for maximum accuracy, and the resistance 
r of Qli should first be adjusted if possible to obtain this 
condition. 

Should the non-inductive resistance Qli not be accurately 
known, or bo likely to alter in value through heating due to 
the passage of the current A, then its equivalent in terms of V 2 
and A can he substituted in the formula. Hence, if A is the 
J moan square current in amps as given by a Siemens dynamo- 
meter or other direct reading alternating current ammeter, we 
shall have 

W= w{ r ‘~ v * + Kj2 } Watts > 

for the true mean power given to tho whole circuit PR, QR may 
consist of a bank of electric glow-lamps, as the resistance r of 
QR can vary if it likes with the different mean currents. 

It can easily bo shown, in liko manner, that tho true mean 
power given to tho inductive portion PQ of tho circuit is 

w - 1{ v 2 - V* - r 2 } = A { F* - v 2 - v 2 } 

Tho method is not based on any assumptions as to the nature of 
the current (whether periodic or otherwise) or of tho circuit, which 
may contain either self or mutual induction, and capacity, or all 
throo. It is based solely on the difference in phase between the 
current and voltage. 

If 6 = angle of phase difforonco or lag of tho curront behind 
the voltage, then if both are sine functions 


Apparatus. — Alternator D and its exciting circuit ; inductive 
portion PQ of the circuit in series with a strictly non-inductive por- 
tion QR ; two 2-way keys {K 1 and K 2 ) (p. 587); an A.-C. 
voltmeter (K) ; main switch (S) ; A.-C. ammeter (A). For 
comparison of methods, A may be used, and also u non-inductive 
Wattmeter W for measuring directly tho power used up in PR. 
Frequency nve ter /connected across the supply V. 
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In the electrical circuit of the motor M may be used a volt- 
meter V t ; ammeter a# ; switch j rheostat li £ ; source of 
continuous current E. 

Experiments. — (1) Connect up as shown in Fig. MO. Adjust 
the pointer of all tho instruments to zero, levelling such as 
need it. 

(2) See that all lubricators in uso feed properly, then start Z>, 
running slowly. 

(3) Adjust its speed so as to get J of tho max. per set;., at the 

same time varying the excitation of D to alter its voltage (K), so 



as to send a convenient current (ii) through PQ. Note A , and in 
quick succession (the speed being constant) the voltages l r , and 
Vp across /'A, PQ , and Qlt. (See Note above.) 

(4) Repeat 3 for about 5 frequencies between tho max. and 
min. values possible, using the same current A in each caso by 
suitably altering the excitation. 

(5) Repeat 3 at a constant frequency of about normal for five 
different current values, rising by equal increments up to the 
maximum allowed, by varying the excitation. 

Tabulate your results as follows — 
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Form of Inductive Circuit PQ tested . . . 
„ Non-Ind. resistance QK used . . . 




Voltages. 

Power in Watts absorbed 
in 

Power 

Factor. 

From 

Miitli.Tab'cs 

Ohmic 

lies. 










PR. 

PQ 

QR 

PR. 

Bv Ca'cu- 

PR. 

PQ. 

Angle of 
Lag in 


PQ. 

an. 


£ 

a 



Frequency (/). 







iation. 


PR 

PQ. 



£ 

o> 

a. 

T 

i 

E 

< 

V. 

V} 

r* 

Wattmeter W. 

1 

1 

& 

* 

e 

s 

• 

£ 

£ 

i 

+ 

* 

3 

I 

3 

+ 

c 

1 

£ 

3 

1 

f 

11 

<3> 

O 

u 

■ z A'AZKi z A - Ai -,A)~ 

0 0 

0,°. 

3 

X 

0 

C 

1 

1 

® s 
c 0 * 

0 

1" 

5 

| 

nj 

0 

9 

a 

-3 

& 

5 

t 1 

> 

u 

£ 

_ 


L_ 


_ 



1 1 1 

_ 

I - 









(G) Plot curves having values of A as abscissa? with values of 
y 

V lt cos $ v X, -- 1 and w v respectively, for the inductive purtion 
A 

PQ as ordinates. 

(7) Draw the vector diagram (Fig. 139) for the maximum 
current used. 

(8) Compare V with the algebraical sum ( \\ -f F 2 ), also W 
with w. 

Inferences. — Prove the formula in column 7, and state any 
assumptions made in deducing it. What can be inferred from 
the results of the test and from the curves? 

(134) Measurement of the Electrical Power 
absorbed in Alternating Current Inductive 
Circuits. (Three-Ammeter Method.) 

Introduction.— This method, though inferior to that of the 
Wattmeter, is nevertheless instructive, and therefore a brief rcrnmA 
of it will bo given here. As will be seen, it is very similar to the 
3-Yoltmeter method of measuring power, the formulas in tho two 
cases . being strikingly similar. There is, however, one chief 
difference between the methods, namely, that practically three 
ammeters arq necessary for a satisfactory test, as large errors 
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v) ;? r 




4 

o 

R§ 


may occur if only one ammeter is employed and interchanged 
between the circuits, while in the case of the allied method one 
voltmeter can easily be made to do and no appreciable error 
neod be introduced. Tho actual arrangement & shown in Fig. 
I41,inwhich PQ represents the circuit in which it is desired to 
measure the power taken up, A, A x and A 2 are threo non-inductive 
ammetors, at ‘least A l should be of this nature, while (r) is a non- 
inductive resistance connected as shown, and which is large 
compared with that of A x 
'OTP 1 1 — (A 2 ) |P Greatest accuracy will be ob- 

tained when A x = Ay and 
under these conditions it will 
be seen that (r) consumes 
about as much power as Q. 
llenco twice as much power 
has to be available at the 
Fio. 141. source for operating this 

method ns is taken up in 
PQ, but practically no excess voltage is needed in this case as 
it was in the 3-voltmcter method. If iv 2 = the power in Watts 
absorbed by PQ, then 

ip, = \r{A* - 

and cos. 0 1 — 

where 0 1 = angle of lag of tho current A 2 in the inductive 
circuit PQ behind the terminal voltage. 

It will thus be seen that the method is based on the difference 
of phase of the various curronts, and, as in tho 3-voltmeter 
method, a small error in observing the currents introduces large 
errors in tho answer. The possibility of such occurring can be 
minimized by using accurately calibrated non-inductive ammeters 
and taking the mean of throe or four similar readings at each 
value of, say, A. If the value of non-inductive resistance (r) is 
not accurately known, or if it is liable to altor through heating due 

to the passage of the current, then its equivalent value - may 

A 1 

bo used instead in tho formula, which will therefore become — 

~ (A*- A*- A/) Watts, 


A* -A,* -A.* 
2 AA 
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where F=the voltago across the extremities of PQ. There is 
no objection to using a bank of incandescent lamps for (r), since 
the resistance may vary if it likes with the different mean 
current strengths. It will be observed that if the resistance of 
A 2 is appreciable, an amount of power may be absorbed in it 
which is comparable with that in PQ. In such cases the former 
must be deducted from the result as given by the above relation 
in order to obtain Ihojbrue power absorbed in PQ alono. 

]f (r) is accurately known wo may dispense with A 1 and put 
(r) directly across the mains, then on placing a voltmeter (prefer- 
ably an electrostatic one) across tho mains as in the last instance, 
we may substitute tho value of A 1 in the first formula, when we 
shall liavo 

-4. 

Tho preceding remarks will bo understood more clearly from 
tho vector diagram, Fig. 1 12, for the circuit of Fig. Ul, constructed 


0 

Flo. 142. 

as follows : set off a vector oa equal to the total current A in 
tho main lino to any convenient scale with radii ob = and 
la — A 2 and centres o and a respectively, draw arcs intersecting 
at b. Join b to o and a and produce ob to meet a perpendicular 
from a in the point c. Then oba is tho vector triangle of 
currents for the main and both branches altogether, whilo bca 
is that for the inductive branch only. Since r is non-induetivo, 
its current A 1 and voltage are always in phase, and hence by 
y 

Ohm’s law A x = — . If R equals the ohmic resistance of PQ 

and L the self-induction, then tho energy or magnetizing 
component of tho current A % in PQ which is in phase 

V 

with the voltage od across it, is be — whilo the idle 

• 

or wattless component of the current A a in quadrature with the 
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voltage V is ca. The angle of phase difference between the 
main current A and V will be 0, and that between A % and 
the same voltage V across PQ will be 0 V 
From the geometry of Fig. 112 wc see that 
A 2 2 = A 2 -j- dj 2 — 2AA 1 cos 0, 

V 

but A 1 = -- by Ohm’s law, and 

J, s = *l s + ^ l 8 -2/l~cos^ 

and AV cos 9 — total power given to the whole parallel circuit, 
the total power absorbed in the whole circuit is 

to — 1'X of - *,(d 2 -}- A t 2 — d 2 2 ) watts, 

the power absorbed in the non-inductive branch 
w i ~ watts, 

and the power absorbed in the inductive branch 

w 2 = V X be = [-{A 2 — A — d 2 2 ) watts, 


where the power factor for the whole circuit = 

cos e - A -Jr a j1 - 4* - r 

C0hV~ '2 it A | _ 2/1 V 

and the pow T er factor for the inductive circuit PQ = 

2A x a 2 2id 2 

In this three-ammeter method the non-inductive parallel 
branch is equivalent to an added current , while in the three- 
voltmeter method the non-inductive series resistance means an 
added voltage. Both methods, therefore, require the supply of 
practically twice as much power as that needed for the circuit 
under test. Further, the losses in the ammeters, voltmeter, and 
wattmeter may cause serious errors in the results if the currents 
are small. For the above reasons, no one would use either 
method for measuring power if a wattmeter was available, 
except from a purely scientific interest. While the power 
absorbed and phase difference may be calculated in each method 
from tho vector diagram, constructed for each set of readings, 
it would usually be obtained from the respective formulae. 


Apparatus. — That indicated in Fig. 141, where D is an adjust- 
able source of alternating current, preferably a .motor-driven 
alternator, the frequency, current and voltage of which can be 
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varied independently. A voltmeter V is connected across the 
parallel combination, and a wattmeter inserted so as to measure 
the total watts absorbed in the parallel combination merely for 
tho comparison of tlio three-ammeter and wattmeter methods. 

Observations — (1) Connect up as in Fig. 141, levelling and 
adjusting to zero such of the instruments as need it. 

(2) See that all lubricating arrangements are in operation 
on starting up. # 

(3) Adjust the speed to get maximum frequency, and also the 
voltage V of the alternator (by varying its excitation) so as to 
send the maximum safe current A 2 through PQ, and note in 
rapid succession the readings of A, A v A z , IT and V. 

Note. — If possible adjust tho non-inductive resistance r so 
as to obtain the conditions for maximum accuracy (other things 
being the same) of A 1 = A z . 

(4) Repeat (3) for about six different frequencies between the 
maximum and minimum values possible, using the same current 
A t in each case by suitably adjusting the speed and excitation 
of the alternator. 

(5) Repeat (3) at constant maximum frequency for about six 
different values of current A 2 between the maximum and 
minimum values possible by varying the excitation, and tabulate 
your results as follows — 


Torm of Inductive Circuit PQ listed . . » 
„ Non -hul. Resistance )■ used . . . 



Current* 

Power In Walts absorbed 
in 

PoMpr 
Facto] In 

From 

Math Tab’cs 

it.*. 

of 





X 





PQ 

r. 
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(PQ H 0 
h y Calcu- 
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fL ohms. 
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(G) Plot curves having values of A 2 as absciss® with values of 

) r , cos 6 V X, ~ and ir 2 , respectively, for the inductive portion PQ 
A 2 , 

as ordinates. 

(7) Die v the vector diagram (Fig. 142), for tho maximum 
current used. 

(8) Compare the value of A with the algebraical sum A x -\- A 2 ; 
also IF with to. 

Inferences. — What can you infer from the results of the test 
and from tho curves ? 

(135) Measurement of Power in Three- 
Phase Alternating Current Circuits. 

Introduction. — The measurement of tho electrical power 
absorbed in a 3-phase alternating current circuit might well at 
first sight appear somewhat complicated. In reality, however, it 
is very littlo more so than in the case of single-phase circuits 
and tho actual extent to which it is, depends mainly on tho 
nature of tho circuit in which the measurement is being made. 
It has already been seen that tho non-inductive Wattmeter 
forms tho best means of obtaining the true power absorbed in 
a single-phase circuit, hut with multiphaso circuits usually, 
though not always, two such instruments are necessary. 

The object consequently of tho present investigation is not 
only to state the methods of measuring, but also to prove the 
truth of them under tho several distinctive conditions met with 
in practice. 

The circuit in which the power has to be measured may be of 
the type shown at (a) Fig. 1 13, which is known as the star or 
open form, or of tho type shown at (b) Fig. 143, known as the 
mesh or closed form, (c) represents the circuit containing the 
measuring instruments, which may be connected to either (a) or 
(6) arrangements at will, E being tho source of polyphase supply. 

Nowleti4 1 ^ 2 if 3 anda l a 2 a 3 bo tho v'mean square valuos of the 
currents flowing in the mains and branches respectively for Fig. 
143(6 and c), also V 1 V 2 F g and v 2 r g the same values of voltages 
across the mains and brandies respectively for Fig. 143 (b and c); 
then if the mains are equally loaded we have — 

^1 and . . flq = c& 2 = and = F^ = Fj, 
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whence A t = 2a 2 sin. 60° = J%a v and A = ^3*1, since the mains 
are equally loaded and tho load non-inductive. 

For Fig. 143 (a and c) wo have, if A x = A 2 => A^ and E x = E 2 = E v 
that A v = a v A 2 =--a 2 and ^ s = a 3 , and since V will now lag 30* in 
phase behind v, in each main and the corresponding branch 
circuit, we have F=2rsin. 60°= v/3r, providing the load is non- 
inductive. 

Circuits equally loaded and non-inductive. — Hero if each 
main carries the same current A, and if the pressure between 



each pair of mains - V, then the True Tower absorbed in a non 
inductive load, Fig. (b) 

ir=3«r = 3K-^_ = V3A V Watts, 

True Power absorbed in a non-inductive load, Fig. (re) 

V 

3«r= 3,(-^ = Ju V Watts. 

If, however, the load is inductive, then if 6 = angle of phase 
difference between voltage and current, we have, as in the case 
of single-phase work, that for equal load tho True Tower absorbed 
in the inductive load, Figs, (a) or (6) 

IF- J$A V cos. 6 Watts. 

This latter can best be obtained by means of the non-inductive 
Wattmeter for each of tho two following conditions met with in 
practice. 

Circuits equally loaded and inductive— One Wattmeter 
ONLY'needed to obtain the true power. Assuming this to be W v 
Fig. 143 (c a) or (cb), then with the thick coil in any main (it 8 say, 
as shown) ncte the Wattmeter reading (wq) with its fine coil on 
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to main A v and the reading (rv 2 ) with it on to main A t imme- 
diately after, then the True Power absorbed in tho equally loaded 
inductive circuit IP — w'j + u\, where both w l and w % will vary 
with load and power factor. 

The reason why u\ or ir 2 alone does not give the power of 
the circuit is because A 3 and V 2 are not in phase, even in a non- 
inductive circuit, but differ in phase by an anglo = 30° ± <£, 
for both star and mesh connections. Therefore })\ will read the 

product A z \\, cos 30 — A z \\ for unity power factor. Thus 
2 

we see that ic l — A 3 V 2 cos (30° -f- ^), and w 2 = A 2 V 3 cos (30° 

— $), and the sum of these after expansion = 2d 3 V 2 (cos 30° 
cos <f>) = VZA 3 V 2 cos </> -= u\ + w 2 , which is the true power in 
the circuit. If now tho load is so highly inductive that <f> 
exceeds 60°, i.e. the power factor cos $ is less than 0'5, then 
cos (30 -{-<£) becomes — v *, and the wattmeter will reverse for 
one of its readings w x or u\, which must therefore bo considered 
as — since the volt-coil connection must be reversed to get a 
scale reading. 

tho total power IP— ^ — v' 2 = 2A 3 V 2 sin 30° sin </> 

-2 AJ\ X i sin </>= r 2 X A 3 sin <j>, and 1 2 --- 

' 2 

— A 3 sin <f> — the wattless or idle line current. 

The above results will be readily understood by a reference to 
Fig. 144 (corresponding to Fig. 143, a and r), in which OA , OR, 
00, represents the voltages across the respective star stator 
phase windings in magnitude and phase] difference (— 120°). 
AC, OB, BA — voltages \\, V 2 , V z between mains in relative 
magnitude and phase (= 120°). 

Then obviously \\ = AO -- J'AOA — y/WO, 

also V 2 = OB= fiOO - JWB, 

and F 3 = BA = y/‘iOB = J'M)A. 

Now, since the three phase-windings are inductive wc can 
draw three equal lines, On, Ob, Oc , to represent tho currents in 
them lagging in phase by equal angles 6 behind their respective 
voltages OA, OB, 00. 

Then the current Oa in its phase winding differs in phase from 
tho voltage AB (= P 3 ) by an angle aDA = 0 — 30°, and the 
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current Ob in its phase winding differs in phase from tho voltage 
RC ( = F 2 ) by an angle OcE = 6 -f- 30°. 

Now, if the current coil of wattmeter v\ is in tho circuit of 
OC , and hence of main 3, with its volt coil across CB (mains 
3 and 1), it will carry the current Oc at a voltage V 2 . Similarly 
the current coil of wattmeter in the circuit of OA, and hence 



of main 2, will carry the current Oa with its volt coil across AE 
(mains 2 and 1 ) at a voltage V 3 . 

Then tcj = A 3 V 2 cos (6 -\- 30°), 

= A 3 V 2 (cos 0 cos 30° - sin 0 sin 30°), 
and iv % =-■ A 2 V 3 cos {6 — 30°) 

— -4 2 V 3 (cos $ cos 30° -f sin 9 sin 30°). 
total power of the circuit ]V — -j- w 2 — 2AV (cos 9 

cos 30°) = \/3d. V cos 0, on tho assumption that A x = A 2 — A 3 
— A y and V x — 1’ 2 = F 3 = V t which should bo the case. 

3?y adding and subtracting the values of u\ and ir 2 first given 
we have 


1 

«’l + 

we have the power factor 

«+l 


tan ( 

J’6 


and putting - 2 — a 


2 Va 2 — a -j- 1 


(see p. 399), 


V i+s&ay 

v \U\ + w 2 ) 

when 0 = 0 the values of u\ and ?e 2 are equal, and each 

= iJMYcoa 9. 

As 9 increases, vq decreases and w 2 increases, when 6 — 30° 
tho value of u\=\A 3 V 2 or \AVy and of w 2 — A 2 V 3 or AV\ 
whey 6 = 60° the value of w 1 = 0, and of 


* 2 = :?^ or 


Ji 


A V. 
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Since in this caso the current in the series coil of iiq differs 
90° in pbaso from that in its pressure coil, any further increase 
in 6 will make negative and reverse its deflection, so that the 
connections of ono of its coils must be interchanged in order to 
bring the deflection on to the scale again. 

Hence in. measuring the power of any inductive 3-phase 
circuit by either 1 or 2 wattmeters the total power *= w\ 4: «* 2 > 
?. e. if one of the readings reverses, substract the smaller' reading 
from the larges' one to obtain the total power. 

Circuits unequally loaded and inductive— Two Watt- 
meters only needed to obtain the true power. Assuming the 
Wattmeters to have their thick coils in any two mains, as shown 
in Fig. 1 13 c (a or b), then True Power absorbed )V— 1^+ W 2 . 

Hence, when merely the true power in Watts only is required 
in a three-phase circuit, whethor of the star or mesh type, one or 
two Wattmeters are required according to whether the circuits 
are equally or unequally loaded respectively. Also when such a 
three-phase circuit is both equally loaded and non-inductive the 
true power in Watts is given by tho product J 3 x amps, in one 
main x volts, across any pair of mains. (See p. 395 et scq.). 

Apparatus. — Source of three-phase alternating current (ft) and 
circuit of variable nature to experiment upon (a and b, Fig. 143). 

Two Wattmeters W l and IK 2 ; three Siemens dynamometers or 
Parr direct reading dynamometer ammeters A 1 A 2 A 3 ; three 
electrostatic or hot-wiro voltmeters V 1 V 2 V v 

Note. — It must be remembered that for any specific measure- 
ment, the foregoing rules, and the instruments they entail, can 
be at once used without reference to the following test, which 
is devised solely in order to prove these rules. 

Observations.— (1) Connect up as in Fig. l43(a and c), and. 
adjust tho instruments to zero, levelling them if necessary. 

(2) With the load non-inductive and the circuits equally loaded, 
take the readings of all the instruments for five or six different 
loads, noting the Wattmeter reading when placing the fine coil 
of, say, TJ^ successively on to A x and A 2 main3 at each load. 

(3) With an inductive load and circuits equally loaded, take the 
leadings of all the instruments for five or six loads, placing the 
fine coil of, say, W l successively on to Aj and A 2 mains at each load 
and noting its reading at each. Tabulate your results as follows— 
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Nature 

of 

Circuit. 

Loading 

of 

Circuit. 

Wattmeters. 

Voltmeters. 

Ammoters. 

W = 
JPi+JPa 

w m 

2 W x . 

IT = 

* J'iAV . 


w 2 . 

Pi. 

f 2- 

v* 

A\. 

a 2 . 

Az 











1 



Inferences. — State very clearly all that can be infcrrod from 
your experimental results. 

Measurement of Power in Two-Phase 
Alternating Current Circuits. 

Introduction. — Two distinct forms of circuits are met with in 
the distribution of electrical energy by means of two-phase alter- 
nating currents of electricity. 

The first entails the use of four wires, forming two circuits 
completely independent of one another, one to each phase. Since 
this requires four wires it is usually employed in short distance 
transmissions. 

The second entails the use of only three main wires, and is 
therefore more economical in first outlay of copper than the 
above. It will therefore be at once obvious that tho measure- 
ment of power in two-phase alternating current circuits will be 
made in moro than one way, depending on tho form and nature 
of tlio circuit in question. Wo will now deal with such measure- 
ments in the case of each possiblo condition. 

Two-Piiase Circuits of tjie 4-wire Form. 

Hero two cases are possible according to whether the circuits 
are carrying non-inductive loads, such as incandescent lamps, or 
inductivo loads, such as two-phaso motors or transformers, etc. 

Non-inductive load .— Tho product of the amperes and volts in 
each circuit, obtained in the usual way, when added together 
gives the true power delivered from the generator ; and if the 
two circuits aro equally loaded, twice the product for one circuit 
gives the Total True Power. 

Inductive load . — Owing to the lag in phase between tho current 
and ‘voltage in each circuit, two non-inductive Wattmetors aro 
necessary, one in each circuit, connected up in the ordinary way 
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as in single-phase circuits. 



Then the Total True Power delivered 
by the generator = sum of the two 
Wattmeter readings. 

If the two circuits are equally 
loaded, as should be the ease when 
supplying such as two-phase motors, 
then twico the reading of one Watt- 
meter gives the Total Truo Power, 
and only one such instrument is then 
nccossai y. 


Two-Phase Circuits of toe 3-wire Form. 

Here also there 4 aro two or threo eases depending on whether 
the circuits aro inductive or otherwise. 

Equally Ion led non-inductive sections . — Total Truo Powor ab- 
sorbed = twice the product of the current in one outer main and 
the voltage across the section. 

Equally loaded inductive seel ions -Total True Power absorbed 
= twico the reading of a Wattmeter connected with its thick 
coil in series with either outer main, and its thin coil connected 
to the centre or larger main which is common to both outers. 

Unequally loaded inductive sections . — Total True Power ab- 
sorbed = sum of the two readings of the Wattmeters connected 
with their thick coils in the outers respectively, and their thin 
coils connected to the common centre wire AB as shown in Fig. 
1 15. This last case would bo the one met with when the circuit 
was partly a lighting and partly a power one, running two-phase 
motors. 

Where the reader may nob be quite conversant with the pre- 
ceding methods of measuring power in two-pliase alternating 
current circuits, a most useful experiment will be to provo the 
above statements in much the same manner as was set forth in 
the preceding test on three-phase measurements of power, only 
three or four ammeters and voltmeters with the two Watt- 
meters W x and W % and the variable two-phase rheostat being 
requiicd. 
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Measurement of Power in Polyphase 
Alternating Current Circuits. 

As a summary, with .some additions, to the methods as given 
on pages 388-394, the principal arrangements of wattmeters 
employed for measuring the true power in different kinds of 
alternating current circuits commonly met with in practice, are 
given here in diagranftnatic form. 

glNGLE PHASE TWO PHASE (UNBALANCED) 

INDEPENDENT OR COMMON RETURN 




Fro. M O', Fro. 147. 


TWO PHASE (BALANCED) THREE PHASE (UNBALANCED) 


INDFPENOENT OR COMMON RETURN USING THREE INSTRUMENTS 



"W, - E C cos 0 X E C ; cos 0 ^os 0 \^EC a cos 0 

W - 2~WJ 

Fro US. Fro. 119. 


W = the total watts in tho system. 

TT 2 , jpg = „ readings of tho various wattmeters. 

E, E v E 2 =• „ voltages „ „ ,, sections. 

C\ C v C v (J 3 = „ currents in „ „ „ 
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r, r v r 2 = the non inductive resistances in series with the 
fine wire coils of the wattmeters. 

<f> } if> v <f> v <f > 3 -= „ angles of phase difference between currents 
and voltages. 

The diagrams and deductions accompanying each explain the 
principle clearly enough. 

THREE PHASE (UNBALANCED) THREE PHASE (BALANCED) 

USING TWO INSTRUMENTS NEUTRAL POINT AVAILABLE 



M;-Y3EC,cos(0 ( * <t>) ^-V3EC,cos% fi) W, *E Ceos 0 

W-3V5 


I’ io 15C. Fiq 151. 


THREE PHASE (BALANCED) THREE PHASE (BALANCED) 

NEUTRAL POINT NOT AVAILABLE 



Fiq. 152. 


Jn Fig. 150, if the power factor of tho system is loss than 0*5, 
one of the wattmeters will read negatively and the connections 
of its fine wire circuit will have to be interchanged in *>rder to 
obtain deflections on the scale. In this case the difference qf the 
two wattmeter readings gives the total power. 

In Fig. 152, the resistances r x » r 8 = (r + fine wire coil), but 
an artificial neutral point can be formed by lamps without the 
expense of the resistances r v r 2 . 

In Fig. 156, unless the resistance of the fixed current coil ift 
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small compared with the resistance of the phase in series with 
which it is connected, its insertion will throw out the balance of 
a mesh system and 3 )V 1 will not = tho total true power. Tho 


THREE PHASE (BALANCED) THREE 'PHASE (UNBALANCED) 

WITH TRANSFORMERS 



"Vf/’ cCfCOB <f> 'Wj-c’ 3 r\ / co* <f> 

X-/0CO6 30U00*cofi <f> W 3 10* Wcos^-cos <ft 
"SGG cos if> -SGGcos (ft 

V- 3W, w- 2 vr 3 

Via. 154. Fio. 155. 

arrangement in Fig. 1 50, or if tho system is balanced one watt- 
meter with a two-way key for connecting one end of tho fine 


Thrt* CBaJarictt/) 



W » 3 W, 

w t - %CC0S<p 

Fio. 16(1. 


wire coil in quick succession to the remaining two mains, is 
much to be preferred. 

Fig. 155 shows a method of connecting two wattmeters in 
three-phase high tension mains ABC using current and pressure 



398 ELECTRICAL ENGINEERING TESTING 

transformers. P and K arc two 20 to 1 scries transformers, 
giving a secondary current of 5 amps, at full load; while II is 
a 10 to 1 seiies transformer, giving a secondary current of 
1 amp. at full load. T and S are each 100 tG 1 pressure trans- 
formers, with 10,000 volts on tho primaries. It can be shown 



that each wattmeter indicates 8G6 kw. at full load, the total 
power of the circuit being 1732 kw. 

Uote.— The above methods are equally applicable to measuring 
the output of a generator or input into a motor or rheostats,. 

The measurement of power factor in alternating current 
circuits can ho mado by means of power factop indicating 


POWER FACTOR 
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instruments, or by the method described on page 388, in the case 
of three-phase circuits. Another method is shown in Fig. 153 
for three-phase circuits in which a wattmeter }\ r r connected as 
shown indicates the wattless power in a phaso, or the power 
factor, if tho scale he suitably graduated, 'the instrument in 
this caso has a central zero and deflects to one sido or the other 
according to whether tho current lags or leads with respect to 
voltage. 

As with such an arrangement, a considerable P. D. will exist 
between tho fixe l and moving coils, it can only bo recommended 
for the lower voltages. 

Another and safer method can ho employed with balanced 
three-phase circuits using ono wattmeter in ono main and a 
two-way key for connecting one end of its flno wire circuit in 
quick succession to the remaining two mains. 

If d x and <£, are the two dofleetions so obtained, then the 

1 


Power factor of the circuit = / ~ I. _ ,/ A* 

V 1 + A U +dj 

Correcting Factor for Wattmeters.— Considering tho most 
common form, namely the electro-dynamometer type, used in 
practice, it is well known that the current through the moving 
coil should he exactly in phase with tho P. I). at its terminals 
for tho instrument to read true tentis correctly. It is therefore 
both interesting and important to know tho magnitude of tho 
error introduced into tho reading of the wattmeter and the 
correcting factor to be applied to obtain true watts when the 
current and pressure in the flno wire coil are not in phase due 
to the coil possessing inductance, which it must liecessaiily have 
to some small extent. Tho following considerations are quite 
general, and assume that the current and voltage are sine 
functions — 

Let C — the maximum current in the fixed coil, 

I = tho current (at time t) in the fixed coil, 

E sin o) t = potential difference between the mains (at time t), 
= angle of lag of the current in the mains, 

* i = the current (at time i) in the moving coil of self- 

induction L and total ohmic rosistanco R , 
• including any resistance in series with it. 
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oj = 2v X frequency of the supply. 

Then the relations given in Fig. 157 1 can bo shown to hold good. 

The relations apply to all tyj es of wattmeters if fa L ami <o, 
the only quantities which vary with the nature of the load and 
type of wattmeter, are known. 

, When </> = 90 e the multiplying factor becomes zero, and the 
reading of the wattmeter is zero, since thero is no force between 
the coils carrying currents which differ in phase by 90°. The 
curves (Fig. 157) can be used as follows — Supposo we know that 
L = 0 02 henry, 11 = 628 ohms, frequency = 50 - per sec., and 

the power factor = 0 5. Then = 0‘01. 

Hence curve C is to bo used. Now the horizontal lino through 
0 5 on the power factor scale cuts tho power factor curve cos. <£ 
at a point, the vertical lino through which passes through 
tj> - G0° and cuts curve C at 0*98, which is tho correcting factor 
of the wattmeter. 

Fundamental Considerations Relating to 
Alternating Current Static Transformers. 

General Remarks.— Before considering actual methods of 
testing static transformers , the importance of which, in alternat- 
ing current systems of distribution of electrical energy, arises 
from the ease with which a small current at high pressure can 
be converted to a large current at low pressure or vice versa 
by such an appliance and with very little loss, some introductory 
remarks are considered desirable. 

There are a great many different forms and ways of building 
the kind of transformer in question, but they all come under one 
or other of two main heads, namely — 

(a) Those with closed magnetic circuits in which the magnetic 
induction or lines of force are contained sololy, or nearly so, in 
iron. 

(b) Those with open magnetic circuits in which the linos of 
force run partly in tho iron core of the transformer, and partly 
in the air through which they complete their path. This type, 

1 Taken, together, with Figs. 104 and 146-155 from a paper on “The 
Measurement of power in alternating current ciicuits," by P. Hamilton, 
Proc. Inst. C.E., voh cliv, 1902-1903, by kind permission of tho Author and 
Inst. C.E. 
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however, has now become practically obsolete. In either case 
(< a and b) the iron core is surrounded by or wound with two dis- 
tinct and separato coils of insulated copper wire termed the 
primary and secondary . In all cases the former is the coil con- 
nected to the source of supply, while the latter has induced in it 
an E.M.F. which supplies current to some separate circuit, usually 
at quite a different E.M.F. to that acting on the primary. 

The primary may bo # either the high tension (pressure) coil or 
the low, according as to whether the transformer is used as a 
step-down or step-up appliance respectively. Hence to avoid 
confusion, the primary will always be that coil which is connected 
to the source of supply, whothcr this bo high or low tension. 

It may now bo well to consider certain phrases and quantities 
met with in static transformers, and which appear in testing 
work on them. Transformers with “ closed ” magnetic circuits 
only need be considered, the “ open ” magnetic circuit typo 
not having been made for many years. The induced secondary 
voltage is evaluated as follows— 

Let N= total magnetic llux threading the secondary 
winding of T s turns, 

/ = periodicity of the primary supply-current, and 
hence of this flux, 

E P and E s = maximum values of KM.F.s at the terminals of 
primary and secondary. 

Now since in one period of the current wave, the current and 
hence the flux varies from 0 — max., max. —0, then reverses and 
again varies from 0— max. and then max. — 0, the average rate 
of change in the flux = 4iV lines per cycle or period, and the 
average change = 4 Nf lines per see. Therefore the average 

E.M.F. induced per turn and therefore the average E.M.F. 

\NfT 

induced in the secondary winding of T s turns — E s = — 

volts. Since the virtual E.M.F. = average E.M.F. x form 
factor of the voltage wave, the virtual or R.M.S. E.M.F. 
E s = 4 = 4-44iVy7s volt where i n i 8 the value 

of tho form factor of a sinusoidal wave. There will also be an 

D D 



402 


ELECTRICAL ENGINEERING TESTING 


induced E.M.F. due to self-induction in the primary winding of 
T P turns, and since the same flux threads this also, this back 

EM.F. of self induction must — --i—-/? 1 ’- volts. On open 

10 8 

secondary circuit the primary supply pressure only exceeds this 
back E M.F. by a very small amount, namely, that sufficient 
to force the energy current through the resistance of the 
primary winding and provide the necessary magnetizing current 
for producing the flux in the core. We therefore have the 
following important relation, namely — 

E P _iAINJTp W_ 

~4-U Njf a X 10 8 Jrl 3 

very approximately, which is called the voltaye ratio of conversion 
or ratio of transformation. 

If A P and /l s are the currents flowing in the primary and 
secondary having resistance 1\ P and ll H , then the ohmic drop of 
voltage in each is A P Il P and A S R S respectively, and the core 
flux is produced by an effective voltage E P — A P Rp, where the 
bar over the expression indicates that it is a vectorial— and 
not an algebraical— difference, the primary supply E.M.F., E P , 
and energy voltago, A P R P) not being in phase as indicated in 
Fig. 158. 

The no-load secondary induced voltage will 
therefore 

= Q : p - A P lip){~ volts, 

1 p 

and the secondary voltage on load 

= (E P — A P Rp)l.~ -j- A alia volts. 

I p 

When the secondary circuit is open, the total 
loss occurring in the transformer is called the 
open-circuit loss , and the current flowing in the u 
primary is called the no load primary current. 

The open-circuit loss is nmdo up of the copper p ia ^ 
loss due to the no-load current flowing in the 
primary winding, and which is usually very small compared 
with the remaining loss due tc eddy currents and magnetic 
hysteresis which are termed the iron core losses. 
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The no-load primary current, such as would be indicated by 
an ammeter, consists of two components in quadrature, namely, 
(«) the true magnetizing component, which being an idle or 
wattless current lags 90° behind the supply voltage, and (/>) the 
energy or load component in phase with the supply voltage, and 
overcoming the above open-circuit losses due to eddy currents, 
hysteresis, and copper loss. 

These three currents can therefore be represented by a right- 
angled triangle sucha^Fig. 158, in which Bl) would be the no-load 
current, BO the energy component, and 01) the magnetizing 
component. Thus, since Bl)— J~BC* -|- (//> 2 , wo see that the 
no load current = ^(energy current) 2 -f- (magnetizing current) 2 
=r= N /J C ' J J m ‘ 2 , and this no-load current would be in quadrature 
with the supply volts, except for the energy current, which 
makes the phase difference slightly less than 90°. 

The magnetization or core flux, being directly proportional to 
the supply voltage at constant frequency, is constant at all 
secondary loads with a constant voltage supply, and lienee the 
iron losses are constant at all loads. Further, since we have seen 

that it follows that I* = *' p , i.e. the primary 

Eg lg A P T s Eg J 

and secondary currents are inversely x to the voltage's. 

The measurements of current, voltage, ami power in teste 
connected, not only with transformers, hut also with alternating 
currents generally, should be made with instruments possessing 
practically no self-induction and little or no iron. The best 
results will be obtained when employing electrostatic, hot-wire, 
and d^namomotor instruments, for such measure tho ^/mean sq. 
values of pressure and current and are independent of tho varia- 
tions of frequency. If a circuit sullied with alternating current 
is non-inductive , as for example a bank of electric incandescent 
lamps run off the secondary of a transformer, then the v /mean sq. 
values of tho amperes x that of the volts = tho true or mean 
power in Watts taken up by that circuit or bank of lamps. 

If, however, the circuit is inductive this product (amps, x 
volts) gives what is called the apparent power in Watts absorbed, 
which is in all cases greater than the true power. This would be 
the case if we tried to measure the power given to the primary 
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of a transformer, which is always very inductive. Recourse must 
in such cases be Lad to the so-callod non-inductive Wattmeter, the 
fine wire coil of which must have as few a number of fine wire 
turns as will give the requisite sensibility. Such an instrument 
will measure the actual or true mean power given to any circuit, 
however inductive it is, and no difficulty presents itself in the 
use of the Wattmeter on a low tension circuit. If, however, the 
power absorbed in a high tension circuit is required, then a special 
arrangement of Wattmeter is needed (see p. 42). It is much 
better, however, to have all measuring instruments on the low 
tension circuit, and this can be accomplished by employing one 
of the double conversion methods given in the following pages, 
a course almost always possible in works and central stations in 
which two similar transformers as regards size and output can 
generally be obtained. 

Another method of measuring the power given to or developed 
by a transformer is tho 3-voltmeter one, and in the case of the 
primary circuit, a non-inductive resistance of such a known value 
is placed in series with this coil, that the P.D. across its ter- 
minals = that across tho primary coil, or preferably as nearly so 
as possible, as this gives maximum accuracy. The method con- 
sequently has the somewhat serious disadvantage that the E.M.F. 
of the supply has to be double that required for the primary 
alone, which would in tho majority of cases preclude its use. 
Then again a small error in observation may cause a large error 
in the results. 


(136) The Effect on the No-Load Voltage 
Ratio, Current, and Watts of a Trans- 
former, of Change of Primary Supply 
Voltage and Frequency. (Magnetization 
Curve or Open Circuit Characteristic.) 

Introduction. — The present investigation is a very important 
one, in that, amongst other results, it gives the relation between 
primary terminal voltage (oc to core flux at constant frequency) 
and magnetizing current, and which is termed the “ open-circuit 
characteristic ” or “ magnetization curve ” of the transformer. 
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The voltage used for the relation should, strictly speaking, bo 
that of the back E.M.F. of self-induction, and therefore the 
vectorial difference V P — All P) but as both A and h l P are small, 
their product is negligibly small compared with V P) and can be 
neglected. Even with the special low-loss iron now used in 
transformer cores, these are seldom worked at magnetic induc- 
tion densities outside the limits, 3500 to 7500 lines per sq. cra. } 
in order to minimizo.the power (due to the iron-loss or energy- 
current component) absorbed in magnetization, which is con- 



verted into heat in the core. For this reason the “knee” of 
the curve, which corresponds to about 15,000 to 17,000 lines 
per sq. cm., and is all-important in the design of D.C. apparatus, 
is never reached in the magnetization curve of a transformer. 

Further, since the core loss is obtained in this test and is 
well known to be practically constant at all loads, it follows 
that, knowing the resistance of the windings, and hence coppar 
losses (G 2 R) in F and S at any load current, the elliciency can 
bo predetermined at all loads. 

The test also shows that both the no load current and watts 
decrease as tho frequency increases, and hence that higher 
frequencies reduce the size of core and cost of manufacture 
for a given output. 

Apparatus. —Transformer under test, of which P is the primary 
and S the secondary ; low-reading wattmeter IF ; voltmeters 
V P V 8 ‘, switch K) frequency meter F) low-reading ammeter A) 
source of supply E, preferably a motor-driven alternator, the 
speed and excitation of which is variable over a wido range. 

Observation. — With Variable Voltage Supply at Constant Fre- 
quency. 

(1*) Connect up as in Fig. 159, levelling and adjusting such 
instruments to zero as need it, the terminals tt of the high 
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tension winding used as the secondary being open-circuited as 
shown. 

(2) With the frequency adjusted to the normal value for the 
transformer, and the field regulator of the alternator full in, 
close K and take simultaneous reading of V P , V s , F } W and A at 
each of soino ten different values of Y P , rising by about equal in- 
crements from the lowest readable values to not exceeding 20 % 
above normal, by adjustment of field regulation or otherwise, and 
at constant no nnal frequency. 

(3) With Variable Frequency Supply at Constant Voltage. 

With the voltago adjusted to the normal value for the trans- 
former, take simultaneous readings of V P , V s , F, II' and A at 
each of some ten different values of F t rising by about equal 
increments between the lowest and highest values convenient, at 
constant voltage IV 

(4) Measure the ohmic resistances of the primary and second- 
ary windings P and S ; that of P by either (a) the ammeter- 
voltmeter method (p. 86), using Ohm’s law and a direct current 
supply for E, taking care to connect a suitable main current 
variable rheostat in circuit 1 Hit ween E and P ; or (f>) the com- 
parative deflection method (p. 84). The resistance of S may 
be obtained by either (c) method (a) above mentioned, or 
(d) a Wheatstone bridge. In the case of the ammeter- voltmeter 
method, the \oltmeter must be connected to the actual terminals 
TT or it of the windings. 

Tabulate all your results as follows — 


Traiihformer ‘No ... Typo ... » Maker . . . 

Noimal output ■«... KVA. Fipquchcj — per sec. Volt^p iat to = .. 

Secomlury : volts *• . . . Amps. = . . . RcsmUnco li& — . . . ulmm . . . V. 
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(5) From obs. 2 plot tho “ open-circuit characteristic ” (other- 
wise known as the “ magnetization curve ”) of the transformer 
having values of V r as ordinates, with magnetizing current A m 
as abscissa). 

Also curves having the same scab' values of V P as ordinates, 
with (a) total no-load current A ; (*i) energy current compo- 
nent Ag ; ( c ) no-load watts W (practically all iron-core losses); 
[<]) voltage ratio V s /Y^, as abscissre, in each ease. From obs. 3 
plot on another curve-sheet curves having values of frequency 
/ as ordinates, with A, A £ , A m W and Y a /Y P) respectively, as 
abscissa). 

Inferences. — From a study of the table of results and shape 
of curves state clearly all that can be deduced. 


J0(i37) Measurement of Copper Losses in a 
Transformer (by the Short Circuit Test). 

Introduction. — Tho total internal loss IF in any static trans- 
former is made up of the iron loss W I due to eddy currents and 
magnetic hysteresis in the iron core, together with tho copper 
loss I V c duo to the currents A P ami Ag in the primary and 
secondary windings of resistances lt P .and R a . 

Then W c = A P 2 R P + A s 2 Its mmI »' = IF, + W 0 . 

Knowing R P and Jt s , the copper loss ll ,r r can be calculated for 
any or a series of measured load currents, but the value so found 
may differ considerably from the actual working or effective 
value, owing to the eddy current and “ skin effect ” present with 
the larger sizes of conductor, when carrying alternating current, 
causing an apparent increase in tho resistances R P and lt s 
The present test, comprising tho direct measurement of the total 
copper loss, would therefore appear to he a means of obtaining 
it under working conditions, and hence moro accurately than by 
calculation. 

Another source of error may, however, now creep in, for tho 
wattmeter necessary for measuring tho loss must obviously he 
a lo.w-reading one, and have a current capacity equal to that of 
full load for tho winding chosen as primary, while its pressure 
coil will be subject to a small fraction of what would probably 
be its normal pressure (a condition introducing an error in its 
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indication) unless, of course, the wattmeter is a specially designed 
one for low pressure. The small applied voltage necessary for 
keeping the short-circuit current within safe limits, will produce 
a very small induction, and therefore loss due to magnetization 
of the core. This last named may be negligibly small, when the 
wattmetor will indicate the copper loss only. Jf the iron loss 
is not so small, the wattmeter will givo a reading at the applied 
voltage of short circuit when the secondary is open-circuited, 
and this reading must be subtracted from all of its indications 
on short-circuited secondary. Further, care must bo taken that 
the wattmeter reading does not include any losses in connecting 
cr short-circuiting cable. If it does, the loss in such must be 
separately calculated from their measured resistance and each 
current, and deducted from tho reading. 

If T P and T s = the number of primary and secondary turns 
respectively, and V e ~ a small supply voltage applied to tho 
primary in order to send full-load current A P through it with 
secondary short-circuited, then the total resistance “drop” 

“ Ap(^R P -f- I? a ^ volts. 

From the values of this “drop” and V P the characteristic 
tiiangle of the transformer can be drawn and the leakage drop 
determined. 1 

Apparatus. — That for test No. 136, excepting that W and 
V P must now both bo low-reading instruments, while V B is 
replaced by a low-resistance ammeter for short-circuiting the 
terminals tt of the secondary winding S, tho range being large 
enough to indicate at least full-load current of that winding. 

Observations. — (1) Connect up as in Fig. 159, with the 
ammeter A g across (tt) and the pressure circuit of W across TT, 
in order to eliminate errors due to including in the reading of 
IF any copper loss in the primary connecting cables. Level and 
adjust to zero any instruments which need it. 

(2) With an efficient short circuit of S the primary P will 
practically constitute a metallic resistance and require, by Ohm’s 
law, probably only two or three volts or so to be applied to it 
in order to obtain full-load current through it. 

1 Vide "The Testing of Transformers,” by Morris and Lister [Journal 
I.K.E. % vol, 37, p. 264, 1006). 
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This low voltage required at the normal frequency of the 
transformer, and from whatever source obtainable, must bo 
adjusted by a suitable variable resistance, in series with P , so 
as to give eight or ten currents through F, varying by about 
equal amounts from its full-load value to the lowest readable, 
the readings of V P , IF, A and A a being noted at each. 

(3) Disconnect the secondary short circuit and note tho iron- 
loss reading, Wj on IF, for the same value of V P as used in obs. 2 
(if any is readable). 

(4) Measure the resistance r 8 of the short circuit (namely, A a 
and its two short connecting leads) and tabulate your results as 
follows — 

Transformer : No. • . . . Mado by . . . Type . . . Voltage Ratio — . . . 
Full load: Output =* KVA. Amps =« . . . Volts . Frequency “ . . . 

Resistances Pumaiy ■= . . . oil ins (($ . . . °C Secondary (R s ) = . . . ohms 

(«! . . . °(\ Secondary Rhort-circnlt (r ) =» . . . ohms. 


J Frequency F. | 

U* 

2 

> 

3 

5. 

E 

< 

& 

4 

B 

& 

a 

g 

-S 

1H 

fra 

*< 

| 

ra 

i 

£ 

Power Factor 

COB d> = -I? — . 

V AVp 

Angle of Lag <j>. 

hh 

a 

2 

0 

o 

a 

o 

Core Watts (if any) 
tr I • 


Actual Copper loss 
Tr c” IV-U-J- A%r r 

I 

! 








(5) Plot a curve having values of copper loss W 0 as ordinates, 
with A as absciss®. 

Note. — The impedance voltage V P is entirely spent in over- 
coming the equivalent impedance of tho windings with short- 
circuited secondary, being partly spent in overcoming resistance 
and partly in reactance. 

Tho reactauce voltage = J IV — ( JF//1) 2 . 
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Deduction of the Regulation of a Trans- 
former for any Load and Power Factor 
from the “ Open ” and “ Short Circuit ” 
Tests. 

From the curves obtained in the preceding open and short- 
circuit tests, the drop in volts in a transformer on non-inductive 
or inductive secondary load can be predetermined. To obtain 
this drop is needed the “ open-circuit ” volts and the triangle of 
voltages relating impedance \oltagc, ohmic drop or resistance 
voltage, and the reactance voltage as obtained from the “ short- 
circuit ” test. 

The voltage drop in the transformer for any load and power 
factor can thus he obtained from an exactly similar construction 
to that given on p. 182 for an alternator, and which will not, 
therefore, bo repeated here. 


(138) Determination of the Regulation of 
a Static Transformer. (Differential 
Method.) 

Introduction.— The meaning of the term “regulation," as 
applied to a transformer, was explained and defined in test 
No. 1 39, p. 412, and its measurement in a single transformer 
there given. When, however, two similar transformers 'i\ T 2 
are available, the present method of measurement is both simple, 
convenient, and direct reading, whereas that of test No. 130 
necessitates taking the difference between two voltages, and is 
less accurate. It is applicable to any pair of high-tension or 
low-tension transformers, but the secondary circuit should prefer- 
ably bo the L.T. side, on account of the greater safety in handling 
instruments at low tension. 

Apparatus. — Source of A.C. supply E, whether low or high 
tension; two transformers T X T V similar in all respects; volt- 
meter V 8 ; switches S r S 8 ; load resistance if; ammeter ' A s \ 
and (if available — for interest, but not as a necessity) two 
ammeters A n and A P ,. 
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Observations.— (1) Connect up as in Eig. ICO, levelling and 
adjusting to zero such instruments as need it. 

(*2) Eirst connect for V 8 a voltmeter capable of reading (or 
glow lamps capable of absorbing) the mm of the normal voltages 
S\S 2 . Then with S s and S P open, and E giving the normal 
voltage and frequency of 1\ or 7' 2 , close Tf V s shows a 
fairly large voltage, S\ and <V 2 art? in helping series, and the 
connections of ono of» them must be interchanged to bring their 
voltages into opposing series, when ) T g will show very little. 

(l\) Now replace V a by a low-reading voltmeter , and, 'with S P 
closed (,V v slid being open), note the readings of A rv A n and 
V 8 (if anv). If J\V 2 are either exactly similar , or unloaded , or 
both, l* should now read 0. 



Fin. 160. 

(1) With the supply voltage constant, and R non-ind active and 
full in, close hiking the readings of all the instruments for 
each of a series of six or eight load currents A s , rising by about 
equal increments from 0 to the full-load current of 2\ or 7 T 2 . 

Note.- V 8 gives the difference of the voltages between the 
terminals of the loaded (71,) and unloaded (7\) transformer, 
which is the required “drop.” 

The secondary output of transformers is usually expressed in 
kilo volt-amperes (K.V. A.), irrespective of the power factor of the 
secondary circuit, and not in true K.W. at unity or some lower 
P.E, Tho values of V 8 may, however, be obtained if desired on 
inductive loads by repeating obs. 4 with a variablo choker (C) 
(not shown), connected in series with the non-inductive resist- 
ance E (preferably a bank of lamps) and a voltmeter with key 
to measure the volts 1 \ across It and V c across the choker at 
the Same current, when the power factor of the circuit will bo 

C08tf=r- 7 f— =p? 

impedance 1 0 
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Tabulate your results as shown — 


Currents for reference. 

Secondary 
Load Cun-on t 
Ag. 

Voltage Drop 
V S' 

A *i 

A *% 






(5) Plot curves having values of Vs, as ordinates, with values 
of A 8 as abscissae. 

(139) Determination of the Efficiency and 
Regulation of Transformers. (Single 
Conversion Method.) 

Introduction. — This method is one of the simplest, though not 
the most accurate, and entails using only the one transformer to 
be tested. In all cases by the primary of the transformer is 
meant that winding connected to the supply mains whether these 
are at high or low tension. 

The efficiency of any transformer, supplied at constant voltago 
and frequency, is the ratio of the secondary output to the 
primary input, or WJ )V v 

The regulation of a transformer is the amount by which the 
secondary terminal voltage at any secondary load differs from 
that on open secondary circuit, i.e. it is the “drop” in voltago 
under load, and is due to both the resistance and reactance of 
the winding. 

The regulation curve therefore relates secondary terminal 
'voltage as ordinates and secondary load current as abscissa. 
The ordinate intercept between this curve and a horizontal 
straight lino through the “open circuit" voltage po ; nt at any 
secondary load gives the “drop” of voltage at that load. 

Caution. — In the case of transformers which have to be run 
off a high tension alternator and are tested by this method, the 
one operating the high tension instruments must not only wear a 
pair of carefully selected and good india-rubber gloves, but must 
also stand on an india-rubber mat, and to guard against the pos- 
sibility of accidents even in the case of manipulating the low 
tension instruments, the one operating these must either wear f 
the pair of india-rubber gloves provided or stand on an india- 
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rubber mat. Before switching on, the “ danger boards ” provided 
must be placed close to the high tension wires. 

Koto. — Great care must be taken that the india-rubber gloves 
are not scratched, cut, or pierced in any way, as this would tend 
to render them useless for the purposes of insulation. 

Apparatus. — Alternating current ammeters A X A 2 (Fig. 251), 
and voltmeters V 2 ; non-inductive Wattmeters W x W 2 (with 
their separate anti-inductive resistances r x r 2i if any); load 
absorbing resistance li, preferably non-inductive (p. 598) ; switches. 
S x S 2 ; source of alternating current supply and transformer 
T to be tested. 

Koto. — V l and V 2 should be either hot-wire or olectrostatic 
instruments, of which V 2 may preferably be of the latter type. 
If R is strictly non-inductive, then W 2 could be dispensed with ; 
it may, however, as well be used if available. 



Tests.— (1) Measure the ohmic resistances R x of primary and 
7i* g of secondary coils in a suitable manner. 

(2) Connect up the apparatus as indicated in Fig. 101, 
carefully levelling such instruments as noed it, and seeing that 
their pointers are at o. Adjust the voltage and frequency (if 
possible) of the supply to the normal valuo required for the 
transformer. 

(3) With S 2 open, close S x and note the readings of A v V x and 
IFj simultaneously. The “open circuit losses” occurring in the 
transformer will thus be obtained. 

(4) Make R large, and close S 2 as well as S r Then note 
simultaneously the readings of ail the instruments for about ten 
different secondary currents from 0 to full load or to 15% over 
full load, rising by about = increments. 
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In all cases tho frequency and primary voltage must be kept 
constant. 

(5) Repeat 4 with a higher and lower frequency than the normal. 

(G) Repeat 4 and 5 on an inductive load. of constant power 
factor, or otherwise obtain the readings, as detailed on p. 182, 
necessary for plotting the regulation curves between secondary 
volts and current, each at different but constant power factors. 

(7) Find, experimentally, the copper losses in primary and 
secondary by passing direct currents of various strengths, between 
0 and full load, through the coils, and noting the losses by means 
of a Wattmeter. 

Namb . . . Datk . . . 

Transformer : No. . . . Mule l>y . . . Transformation Ratio , . . 

Normal output = . . . Kilowatts Fiequeticv - . . . per Sp<\ Typo. . . 
Primary Resistance R\ . olims at . V. Secomhuy Resistance /fj = . . . oliiiib.it ... ’0. 



(8) Plot the following curves having values of— (a) Total 
copper losses; (/>) total iron losses; (<;) secondary voltage; 
(d) primary power factor; (e) efficiency; (/) voltage ratio, 
respectively as ordinates and secondary load currents as abscissas 
in each case. 

Inferences. — State concisely all tho inferences which you can 
draw from the results of your expeiimcnts. 

(140) Determination of the Efficiency of Trans- 
formers. (Double Conversion Method.) 

Introduction. — This method can he used when two similar 
transformers are at hand, and particularly when only low tension 
measuring instruments are availaWe. 

Caution. — To guard against the possibility of accidents, even 
iu the case of manipulating the low tension instruments, the pair 
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of india-rubber gloves provided must be worn by the one manipu- 
lating the tertiary circuit instruments, and the india-rubber mat 
must be used by the one reading those on the primary circuit. 
On no account must any part of the secondary (hiyh tension) circuit 
be touched while “alive,” and before switching on the primary 
current, the “danger boards” provided must be placed close to 
the high tension leads. 

Note. — Great care must be taken that the india-rubber gloves 
are not scratched , cut', or pierced in any way, as this would tend 
to render them useless for the purposes of insulation. 

Apparatus. — -Alternating current ammeters A : A S (Fig. 2fH),and 
voltmeters V l V 2 V 3, of which V 2 is not absolutely essential to the 



test ; non-inductive Wattmeters TFj ami IF 3 (with their separate 
anti-inductive resistances r v »* 3 , if any); switches S l S 2 A' 3 ; load 
absorbing resistance 11, preferably non-inductive (p. 598) ; source 
of alternating current supply and the two transformers r I\ 
to be tested. 

Note.— lioth F 3 and the high tension voltmeter V 2 should, if 
possible, be of the electrostatic type. If A* is strictly non- 
inductivo, then W z can bo dispensed with ; it may, however, as 
well be used if available. 

Xests.— (1) Measure the ohmic resistance of each of the coils 
of the transformers 2\ and T 2 in a suitable manner. 

(2) Connect up the above apparatus as indicated, carefully 
levelling such instruments as need it, and seeing that their 
pointers are at zero. Adjust the voltage and frequency (if 
possible) of the supply to the normal value required for tho 
transformers. 
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(3) With and S t open, close S v and note simultaneously the 
readings of A v V v W v The “ open circuit losses ” occurring in 
transformer T x will thus be obtained. 

(4) Make R large and close all the switches. Then note sim- 
ultaneously the readings of all the instruments for about ten 
different tertiary currents from 0 to full load, rising by about = 
increments. 

(5) Interchange T l and so that the latter now becomes the 
** step-up/' and repeat exp. 3 and 4, tabulating your results 
in two tables similar to that shown. 

Note. — In all cases the frequency and secondary voltage must 
be kept constant. 

(5a) Repeat 3 — 5 for a higher and lower frequency than the 
normal. 

(6) Find, experimentally, the copper losses in each of tho coils 
by passing direct currents of various strengths between 0 and 
full load through them, and noting the losses by means of a 
Wattmeter. 

Naus . . . Datb . . . 

Transformer T\ ( No. . , . Type . . . Made by . . . Used as . . . 

*2 I „ . . . _ „ 

" y* { Normal Output ' Kilowatt?. Frequency m * ' * per sec. 

Change ratio _ ' 


Primary. 

if 
1 1 

3 

o 

J) 

”3) 

3 

tT 

S 

o 

> 

Tertiary. 

k 

n 

I! 

. Co 

pper losses 
n Watts. 

ft 

£ “ 
jjfe 

s 

Efficiency of 


Watts. 


Watts. 

(3 

.2 

a 

2 

B 

<5 

Eajh Transformer 

fwi 

V Wx 

eft 

"N 


n 

4 

I 

iC 


tT 

£ 

I 

£ 


£ 

4? 

£ 

l 

E-i 















Resistances : Primary a . . , ohms. Total Secondary «= . . . ohms. Tertiary =. . . ohms. at *C. 

Frequency used = . . . per sec. Total Secondary drop a , . . volts. 

■*2 


(7) Plot the following curves having values of— (a) Total 
copper losses ; (6) total iron losses ; (c) tertiary voltage ; (d) 
power factor ; («) efficiency respectively as ordinates and tertiary 
load currents as abscissae in each case. 

Inferences. — State clearly all the inferences which you can 
draw from your experimental results. 
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(141) Efficiency of High Tension Trans- 
formers. (Sumpner’s Differential Method.) 

Introduction. — A neat and convenient method of measuring 
the efficiency of high tension transformers, and which is sus- 
ceptible of greater accuracy than most methods, is that duo to 
Dr. W. E. Sumpner, and detailed as follows : — A small auxiliary 
transformer ( C ), the tfutput of which need not bo greater than 
the waste of power occurring in the two larger transformers 
A and B , to bo tested, at full load, is required for the purpose of 
furnishing a small extra voltage (say 5 to 12 volts) nocessary for 
driving the full load or any other currents through A and B. 
Its efficiency, goodness, or badness is a matter of indifference, 
and all wo need in connection with it, is the output (mj a ) of its 
secondary in Watts as measured by the Wattmeter (IFj). 

The particulars as regards this output can bo deduced as 
follows : — Suppose that two 2250 Watt transformers have to bo 
tested each converting from 100 to 2000 volts or vice versd. 
Then their probable efficiency would bo about 94% (say), and 
hence each would absorb 22*5 x 6 = 135 Watts at full load. 
Consequently the output of the auxiliary transformer C need 
not exceed 2x135 or 270 Watts. 

Hence if used on low-pressure 100 volt mains the primary 
should take about 2*7 amps, at 100 volts, and the secondary give 
out 225 amps, at 12 volts. In the ordinary test of efficiency of 
high tension transformers, in which two similar ones are used — 
one as a step-up from the low-pressure primary mains, and 
the other as a step-down to the tertiary mains, tho efficiency is 
deduced from measurements of primary imput and tertiary out- 
put which aro of nearly equal magnitude. Consequently the 
percentage error in measuring these two quantities re-appears 
as the tame percentage error in the efficiency so obtained. 

The present method, which is much to be preferred of the two, 
consists in actually measuring the losses ( w ) occurring in the two 
transformers directly, and comparing these with the input to 
obtain the efficiency. 

TKe method is economical in cost of energy used, especially 
when testing large transformers ; with the methods used in tests 
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139 and 140 it would be a serious consideration, while the 
supply of full-load current would make a serious demand on a 
public supply, or necessitate a large testing alternator. The 
present method is accurate because the total lops (w) in the two 
transformers is obtained by adding together two quantities, and 
not by subtracting them, and is most convenient for finding the 
temperature rise after a run of a prescribed number of hours on 
full load. 

Tho principle of the present method is strikingly analogous to 
Dr. Hopkinson’s combined efficiency test of a pair of dynamos, 
tho distinguishing feature of which is to couple two similar 
machines together both mechanically and electrically, one to 
run as a dynamo and the other as a motor. Energy is supplied 
to one by which it is transferred to the other, this latter return- 
ing it again to the source ; tho balance of energy supplied actually 
by the source is therefore equal to the waste which occurs in 
the double transformation and corresponds with tho loss (w) 
above mentioned. This then is what takes place in tho present 
case, for energy is taken from the mains by the “step-up” 
(A or B, whichever is used as such), then transferred to the 
“ step-down ” transformer, and finally back to the mains again. 

Thus, while both transformers can be loaded to any extent by 
controlling the current circulating between them, the power 
taken from the supply is only some 4 to 20 % of the full-load 
K.W. capacity of either, depending on their efficiency — being only 
that necessary to make up the total internal losses in tho t*o 
transformers together. Whether tho L.T. or H.T. windings are 
connected to the supply is merely a matter of convenience de- 
pending on which supply is available, but usually tho L.T. sides 
are connected to an L.T. supply for safety in handling tho more 
commonly available low-tension instruments, etc. Calling which- 
ever are connected to tho supply the primaries, the secondaries 
must be so connected in series that their E.M.F.s oppose each 
other. If the primary E.M.F.s are equal, so also will be the 
secondary E.M.F.s, and no current will flow in the secondary 
windings. By making the small auxiliary transformer in scries 
with one of the primaries provide a -f ve or — T0 boosting E.M.F., 
the out-of balance primary E.M.F.s so produced will cause 
out-of- balance secondary E.M.F.s and a circulating secondary 
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current, the strength of this current depending on the difference 
between the E.M.F.s. Should the connections he such that the 
secondary E.M.F.s are in helping series instead of opposing 
series, as they should be, a short circuit will result. To avoid 
this, and to ensure the connections of the secondaries being 
correct, close S and S v when B will induce a voltage in the 
L.T. winding of A equal to that of the supply, but opposite in 
phase if tlio connections are correct. Hence, if either a volt- 
meter or lamps, each having a voltage range equalling twice 
that of the supply, are connected across the open switch JS, 2 and 
neither show any voltage, the connections are correct for the 
two L.T. windings, and therefore also the two 1I.T. windings 
are then in opposition. If otherwise, the voltmeter or lamps 
will show twice the voltage of the supply. In this event the 
connections of one of the II. T. secondaries must be reversed. 
It should be noted that («) will indicate the load current, while 
an ammeter (w,) in scries with S x will give the magnetizing 
current. 

If W- load in Watts supplied to the primary of the “ step-up, M 
and w l w., = tlio Watts at this load as measured by w l and w?.„ 
and X — loss of power in the connecting leads, current meter a 
ami the current coil of W v then the total loss in the two 
transformers 

10 =-- w l + ir 2 - X. 

w 

Ilonoe the efficiency of double conversion — 1 — 
and tlio efficiency of either transformer = 



w 

As the ratio of yp is small — not greater than ^ 0 - with a trans- 
former of 95% efficiency, the efficiency of each transformer is 
given quite accurately enough by the relation 


2 = 1-4 


in 

W 



An error of 10% in estimating ^ only affects the combined effici- 
ency, to 1%, and that of either transformers to J% only. Hence 
can bo seen the superiority of the present motliod over the 
preceding one. The quantity }V can be obtained with quite 
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sufficient accuracy by the product of the current A and the P.D. 
in volts suppliod to the primary of tho “ step-up.” 

If [A) is the “step-up,” then W~ 100 x current in low tension 
coil of A, whereas if B is the “sfcep-up,” the p&wer returned to 
the mains by .4 = the above quantity, and hence the input of 
the primary of B is 

TT-lOOx current of A -f (w { + w 2 - A). 

That transformer will be acting as “step-np” which has the 
higher P.l). of tho two (/l and B) on its low tension coil. If, 
say, 12 volts are supplied by C to the primary of B , tho P.D. at 
the terminals of B will be either 1 1 2 or 88 volts according as 
the 12 volts from the auxiliary and the 100 of tho mains are 
in phase or opposite phase. If R was very inductive, the above 
voltages would be out of phase, and U’sP.D. might bo anything 
between 88 and 112 volts. 

Apparatus.— The two high-tension transformers A and B to 
be tested of say 2000/100 volts; an auxiliary Boosting one C , 
the primary of which is in series with a variable non-inductivo 
resistance R of sufficient range to produce only a few secondary 
volts ; two non-inductive Wattmeters W 1 W 2 ; Siemens electro- 
dynamometer or direct reading alternating current ammeter (a) ; 
switches S x S 2 S z and S ; voltmeter V for maintaining the mains 
at 100 volts; alternator D , or some other source of alternating 
current. 

Caution. — On no account whatever is the high tension circuit 
of either A or B to be touched while “ alive.” The india-rubber 
gloves and mat must be used by tho operators to ensure immunity 
from accidental shock, or break- down of the insulation between 
primary and secondary of A and B. 

Observations. — (1) Connect up as in Fig. 1G3, and adjust the 
instruments to zero where necessary. Sco that all lubricating 
arrangements are working properly, also that the gloves aro in 
good order and the mat suitably placed. 

(2) Measure the losses due to the resistance of the leads and 
instruments employing alternating curronts, which can be done 
without altering any of the connections thus— with S and S x 
open , 8lmt circuit the primaries of A and B and close S 2 S z . 

(3) Vary It so as to obtain about six different currents through 
(a) from 0 to the full load current of A or B by causing the 
secondary voltage of C to vary suitably. Note the corresponding 
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readings on W 1 (the power given out by the secondary of (7), which 
therefore at once gives the required losses in Watts in leads 
and instruments for each particular current passing through them. 

(4) Measure tho copper losses in the coils of the two trans- 

formers A and B by oponing S x and closing S, S 2 and S & and 
observing the readings of for some six different currents from 
0 to the maximum of A and 7i, as read off on a. 1 

(5) Measure the iron or core lossos in the two transformers A 



(G) With .V, aud S 2 open, closo S 1 and S and note tho readings 
of a v a 2 and TP 2 . Then will indicate twico tho no-load 
current of either transformers A or B, and W 2 twice the no-load 
losses in either. 

Tabulato your results as follows — 

Nam* . . . Date . . . 

Transformer used as Step-up : No.... Type... Make... : Resist. = ... ]t s = ...Ohms. 

„ „ Stop-down: No .. „ ...: „ = „ 

„ No.... Output’ Volts = . . . Ainpq.=... Constant of Wultnmtor jr T = . .. „ 


H 

•si 

to 

OQ 

Frequency in 
per sec. 

A'.V 

* “ 60 ’ 

| ~\ Volta V. 

Cnnent. 

Total Losses in 

Total Input Into 
Pmnarv of Step-up 

IF = iOO a + v. 

Efficiency 

Reading on 
a. 

d 

Si 

1 

tj 

iii 

HI 

sic 

3~~ 

|| 

8 l 

ll 

1 

A 
S3 i 

Hi 

-if 

% 

of Combination 

100 ( >-£)• 

of either 
transformer 

100 V 1 -. 7- 
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(7) Plot the following curves on the same curve sheet having 
currents (a) as abscissa), and for the ordinates tho following — 
(i) Losses in leads and instruments ; (ii) iron core losses ; (iii) 
arli losses in the coils of A and B ; (iv) total a 2 R losses in 
A and B. Also with efficiency as ordinates, and load W in 
Watts as abscissa). 

(8) Reverse tho positions of A and B, and repeat the above tests. 

Inferences. — State very clearly all that you can infer from 

your experimental rosults. 

(142) Measurement of the Efficiency of ordi- 
nary Single-Phase Transformers by 
Blakesley’s 3-dynamometer Method. 

Introduction. — This method necessitates tho uso of two 
ordinary Siemens electro-dynamometers, in which of course tho 
moving coil is in series with and carries the same current as tho 
fixed coil, whence the angle of torsion is proportional to tho 
\/mean square value of tho alternating current, and in addition 
the use of a third Siemens electro-dynamometer, arranged so 
that tho moving coil has its own separato terminals, and is not in 
series with the fixed coil. 

If then two alternating currents of equal period, from either 
the same or different sources, flow through tho two independent 
coils, the periodic tirno of oscillation of tho moving coil being 
very large compared with that of the current, the angle of torsion 
is proportional to tho mean product of the simultaneous instan- 
taneous values of current throughout tho period, and is called the 
“ split dynamometer ” reading. 

Jf A 0 and A} — maximum values, and A, A 1 the mean values of 
two simple periodic alternating currents, one of which lags behind 
the other by an angle a, then the ordinary dynamometer will 
give A = \A 0 2 and A 1 - On passing these currents through 

the split dynamometer its reading $ would be = $A 0 AJ cos. a, and 

hence cos. a = -y==j= ■ 

The following method is quito general, and does not assume 
that the current is a simple sine function of the time, but does 
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assume that there is no magnetic leakage, i. e. that the number of 
lines cutting the primary and secondary are the same. This is 
not true in all types of transformers on full load, hut is nearly so 
in dosed magnetic circuit types. 

Since the split dynamometer gives no reading on open 
secondary circuit, this method is useless for determining the 
“ open circuit ” losses. 

Apparatus. — Two, ordinary Siemens electro-dynamometers 
A l A 2 , and one split dynamometer (d) ; transformer T to be 
tested ; non-inductive resistance L (such as a bank of lamps to 
tako up the secondary load) (p. 598); alternator D ; switches S 2 ' } 
voltmeters V 1 V 2 ; non inductivo "Wattmeter IF, inserted merely 
for the purposes of comparison. 

Observations.— (1) Connect up as in Fig. 164, and adjust 
the instruments to zoro wliero necessary. Sue that all lubricating 
cups in use feed slowly and properly, then start 1). 

(2) being open, close S v and adjust the speed and excitation 



Fig. 1(54 . 

so that V 1 reads the normal voltage required for the primary at 
the normal frequency of the transformer. Note the readings of 
A v V x and )V. 

(3) Close S 2 and adjust L so that A 2 reads about Y V of the 
maximum secondary current, the voltage V l being kept normal by 
varying the oxcitation. Now note the readings of A , A v d 2 , V v V 2 
and IF. 

(4) Repeat 3 for about 10 secondary load currents, rising by 
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about equal increments to the maximum allowable, and t^^ulaie 
as follows — 


Nam* . . . 


Date . . . 


Transformer tested : No. 
rrimar turns JVj => . . . 
Secondary M JV a = . . . 
Normal : Volts . . . 


. Type . . . Mako . . . 

Resistance R\ <=* . . . olims. at ... *0. 
„ R>2 = . . . „ . . . *C. 

Amps. . . . Transformation Ratio = . . . 



(5) Plot curves having values of IFs as abscisssc, with efficiencies 
and V 2 as ordinates. 

(143) Measurement of the Efficiency of Multi- 
phase Alternating Current Transformers. 

Introduction. — The determination of tho efficiency of ordinary 
single-phase transformers has already been fully considered in the 
preceding pages. 

The present test does not differ materially in principle from 
those in question, and practically the only difference is in 
the method of measuring the power absorbed and developed by 
the multiphase transformer, and which possesses some character- 
istic differences from that used in tho case of the ordinary single- 
phase transformer. 

Most of the preceding methods are equally applicable in the 
present case whether the transformer is of the two or the three 
phase type. The reader should refer to p. 388 for the method of 
measuring electrical power in two and three phase alternating 
current circuits, where a more detailed description of them will 
be found. If in the present instance, as in fact with any others, 
the rheostats or circuits in which the load is to be absorbed are 
strictly non-inductive, i. e. arc of the nature of incandescent lamps 
or water rheostats, then providing such load-absorbing dovicos 
operato equally on each of the sections of the circuity thus main- 
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turning a balanced system, tho output can quite accurately 
enough be obtained from the ammeter and voltmeter readings in 
the manner set forth on pp. 388 et seq. 

For the present test wo will assume that the efficiency of a 
3-phase transformer is requirod.by, say, tho single conversion 
method. 

Apparatus.— The 3-phase transformer to be tested, of which P 
is the primary winding and S tho secondary shown in Fig. 165, 
with the star or open winding ; two non-inductive Wattmeters 
IFj and 1V 2 ; threo Farr’s direct reading dynamometer ammeters 
A, A x and A 2 (p. 572); three voltmotors V, V l and V 2 ; 3-phase 
variablo rheostat R (non-inductive) capable of operating equally 
on each line (p. G08) ; source of 3-phase current E\ two 3-throw 
switches S S S and S l S 1 S y 

Note. — If tho 3-pliase rheostat R is not non-inductive, then 
two additional Wattmeters will bo necessary in the secondary 
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circuits connected up in precisely the same way as those shown in 
the primary circuit, tho secondary output being then given by the 
sum of their readings at any particular load. 

Observations. — (1) Connect up as in Fig. 165, and adjust all 
the instruments to zero, levelling such as require it. Soe that 
all lubricating cups in uso feed slowly and properly if the source 
of 3,-phase current supply E is controllable. 

(2) With S l S 1 S l open, close SSS, and adjust tho speed of the 
generator so as to give tho proper periodicity for the transformer 
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and then the excitation, so as to haw the desired voltage, shown 
by V across the primary. 

Note the respective Wattmeter readings )V l and IP 2 , and if 
possible that of A in addition to V. Then (JF X + JP 2 ) = tho no- 
load //riman j input - tho magnetizing losses. 

(3) With R at its maximum, close S l S L S l and noto the readings 
of all the instruments for somo ten or twelve secondary load- 
currents from the smallest to tho maximum permissible, rising 
by about equal increments at a time for constant secondary 
vol til go. 

(4) Calculate the secondary loads (IFj) from the relation— 

ir s - ^3 A t V 9 etc., 

and tabulate as follows — 

Name ... Date . . . 

Tian&fornier tested • No. . , . Tjpe . . . Maker . . . 

Normal : Volta . . . Amps. . . . I’lriudieity . . . Watts . . . Constant of \ JFj = . . . 

Resistance : Each Primary coil liy = . . . ohms. <$ ... * C. Wattmeter. J IFjj = . . . 

„ : „ Seconding coil = .. . „ @...*C. 


Primary Circuit. 

u 
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(5) Measure tho resistance of the transformer coils by means 
of either the W heatstone Bridge or Potential Difference method. 

(6) Plot the following curves between — 

Efficiencies i) as ordinates and secondary loads (s/ii.djF^as 
absciss#. 

Power Factor as ordinates and secondary loads ( «/3 A i v i) “s 
abscissae. 

Inferences.— State clearly all that can be inferred from your 
experimental results. 
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(144) Efficiency of a Nodon Valve Electro- 
lytic Rectifier. 

Introduction. — Tho necessity of obtaining continuous current 
for certain purposes, such as electrolytic work and tho charging 
of secondary colls, where, frequently, tho only available public 
supply is alternating curront, has led to the introduction of 
rectifiers for rectifying alternating into continuous or unidirec- 
tional current. 

Of such appliances, thcro aro now several commercially 
successful forms; that known as tho nodon valve consists of 
as many pairs of colls grouped according to tho Leo Gratz 
method (Fig. 1(>G) as there are phases of curront or distributing 
mains, in order to obtain a single rectified current. Each cell 
consists of plates formed of an alloy, mainly composed of 
aluminium, acting as cathode, immersed in a solution of borate 
or phosphate of ammonium or other salt formed from tartaric, 
acetic, oxalic or gallic acids. The solution is capable of rapidly 
altering the condition of the polarizing film formed by an 
alternating current on tho aluminium. The containing coll is 
made of lead and constitutes tho anode. The electrolytic action 
taking place is as follows— 

In one half period of tho alternating current, current tends to 
flow from aluminum to lead , hut cannot, owing to an insulating 
film of very high resistances boing formed over tho aluminium 
(cathode) plate. In the next half (reversed) period, the current 
actually is ablo to flow from lead to aluminium owing to the 
iustautancous de-polarization or reduction of tho film on the 
aluminium plate. The principle on which both semi-waves of 
the period of an a.c. supply are utilized, *is that proposed by 
Leo Gratss, and shown in Fig. lfifi, for a single phase alternating — 
to direct — current transformation. A and L aro tho aluminium 
and lead plates respectively of the four cells 7, 7, and 77, 77. 
The continuous arrows represent the direction of current in 
the valve during one half of a period when the current of the 
alternating supply flows from F to Jl. The dotted arrows show 
the direction of curront in tho valve in the next half period 
when the supply current flows in tho reverso direction from 
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R to P. Thus for the first half period it is blocked in cells II t 
II, and in the second half period it is blocked in cells /, 1 \ 
A unidirectional current therefore always flows from D to C 
through any load (?•) whether motor, secondary cells or resistance, 
etc. To obtain greater constancy or uniformity of d.c. voltage 
a suitable condenser can bo connected across D and C. A single 
valve will stand a.c. pressures up to 140 volts between Q and 
Ii, that bctwcon D and C being about 90% of this. For higher 
a.c. pressures two or more valves may be combi uod, or an 
“economy coil” typo of transformer connected between valve 
and a.c. supply. The pressure between D and C may bo 
varied to any extent by a corresponding variation of that of the 
supply between Q and R . 

The tomperature of the electrolyte must not bo allowed to rise 
much above 50° G. } and in large valves, forced air draught around 
the cells is resorted to in order to keep down the temperature. 
The valve may be used on any periodicity employed in practice 
up to 100 «■*- per sec. or more. A starting resistance (S) must 
be employed with the valve when this has been out of uso for 
a few hours, in order to reform the insulating pellicule on the 
aluminium plate. This only takes a few seconds and prevents 
a sudden heavy rush of current through the valve. The resist- 
ance or inductance of S is cut out entirely afterwards. 

Evaporation of the solution is made up by adding distilled 
water and (ho solution need only be renewed at long intervals. 

Apparatus. — The nodon valve complete; starting resistance 
(S) ; alternating current ammeter (i), voltmeter (F), wattmeter 
(IF) ; direct current ammeter (a), voltmoter (v) ; load or variable 
resistance (r); thermometer; source of a.c. supply; economy coil 
or transformer if a.c. supply exceeds 140 volts; switches S v S 2 . 

Observations. — (1) Connect upas in Fig. 106, and adjust all 
tho instruments to zero, levelling such as require it. Q and R are 
the terminals marked ALT on the valve, and are to be connected 
to the a.c. supply: D and C are the terminals marked + and 
If machinery is being run for supplying the valve, see that all 
oil cups feed very slowly and properly. 

(2) With S 1 and JS 2 open and S foil in, adjust the a.c. supply 
so that V reads about 140 volts, the periodicity being kept 
constant at normal value. Now close S v and noto,the readings 
of all the instruments. 
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(3) With S 2 8 kih open, gradually cut out S to shoit circuit and 
again note all instrumental readings and the temperature of the 
electrolyte. 

(4) Re insert S and with (r) full in, close S 2 and gradually 
cut out (S) to short circuit. Next adjust (r) so that (a) reads 
about y^th full output current and noto the readings of all the 
instruments. 



(5) Rc-adjust ( r ) so as to obtain some ten different load 
currents on (a) rising by about equal increments to the maximum 
for which the value is intended, and note the temperature and 
readings of all instruments at each. 

(6) Repeat (5) for a widely different but constant periodicity 
(if available) above and below normal at tho same voltage if 
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(7) Repeat (5) for a constant supply voltage, say 50% less 
than before, at normal periodicity. 

(8) Open (N.) and at constant normal periodicity, note the 
readings of all the instruments for ton different .voltages between 
0 and 140 volts. 

(9) AVitn a convenient constant supply voltage and S 2 open, 
take readings of all the instruments for ten different periodicities, 
ranging from the maximum obtainable downwards. 

(10) Repeat both (8 and 9) for closed, constant full load 
being maintained on (a) by varying (?•), and tabulate all results 
as follows — 


Namk . . . Datk . . . 

Nodon Valve: No. . . . No. of cells . . . 

Area of Ann<le ... sq. in. Area of Cathode . . . sq in. 

Maximum output Amperes = . . . 





Primary. 

Sccondai y. 

Voltage 

Ratio 

of 

conver. 

sion 

V 

V 

Effici- 

ency 

av 

W 

Value 

of 

S. 

Tompr. 

of 

Solu- 

tion. 

Periods 

per 

Sec. 

Volts Ltnps. 
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Watt- 

meter 

Read- 

ing 

I) IV. 

True 

Watt" 

IV. 

Ap. 

parent 

Watts 

AV. 

Tower 

Factor 

AV 
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O’). 

1 

Amps. Watts 
(«)• | (<“’)• 



1 

; i i 




1 

! 1 




Note. — If the valve is coolol by forced air draught, the power 
absorlod in producing tho draught must bo added to the truo 
watts (IF), or watts ( av ), according to whether it is supplied by 
the primary or secondary circuit respectively. 

(11) Plot curves on tho samo sheet, having values of — power 
factor; volts (v); efficiency; and voltngo ratio as ordinates, with 
secondary load (av) as abscissae; also between efficiency as 
ordinates and temperature as abscissas at constant secondary 
load. 

(12) Plot curves (for Exp. 8 and 10) with voltage as abscissae 
and the other quantities as ordinates; also (for Exp. 9 and 10) 
with periodicity as abscissae an t the other quantities as ordinates. 

Inferences. — State clearly all the inferences deducible from 
experimental results. 
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(145) Efficiency of a Rotary Rectifier. 

Introduction. — llotnry rectifiers are employed for the purpose 
of rectifying single-phase alternating current into unidirectional 
or continuous current, and comprise a special form of commutator 
driven at synchronous speed by a suitable singlo-phase synchronous 
a.c. motor. 

Tho now well-known Ferranti rotary rectifier comprises, in 
addition, a constant-current static transformer, which, when 
supplied with varying a.c. at constant pressure, automatically 
delivers constant direct current at varying pressure for supplying 
arc lamps in series. Since tho motor is driven in this case from 
a separate secondary coil on the static transformer, tho ratio of 
the d.c. power output to the a.c, power intake by the primaries 
of the transformer gives tho overall net efficiency which may be 
over 91% at a full load of 40 II. P. with a power factor of 0*90. 

In the Morton and Wright rotary rectifier there is merely the 
special commutator and synchronous motor, the rectification 
being from varying current at constant a.c. voltage to varying 
current at constant voltage on tho d.c, side. 

Apparatus. — The rectifier complete comprising— motor Af t 
commutator B , diphaser B and starting switch S ; ammeters A„ n 
A a and Ajj ; voltmeteis V and V u ; switches S lt S m , S A and Sjt, 
and two-way voltmetor key K\ wattmeter IP; load absorbing 
device II D ) and non-inductive regulating resistance r m (if 
necessary). 

Observations.— (1) Connect up as in Fig. 1(57. The terminals 
marked (»*) Fig. 1G7, are for the motor circuit, and those marked 
DC and AC are tho terminals for the direct and alternating 
currents sides of the rectifying commutator B. Adjust all the 
instruments to zero, levelling such as require it, and see that tho 
bearings of the rectifier, anti those of any other machine in use, 
are properly lubricated before starting. See also that the two 
brushes, which rub on the central-sectioned part of the rectify- 
ing commutator, are adjusted to touch on tho thin strips 
simultaneously. 
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(2) With the'switch ( S) on the stud marked Start , closo S x and 
S m only, and move the brush rocker on the motor itself, until 
the machine omits a constant hum and runs quite sparklessly, 
when it will then be in synchronism with the supply. Now 
Bwitch S to the right-hand contact and if necessary re adjust the 
position o* the rocker to obtain sparkless commutation. 

(3) With K on note the readings of W, A in and V. 



Fig. 167. . 


(4) With R d full in and S D open close S A and again note W f 
A m F, A a and \\ K now being on stud V A and V m in quick 
succession. 

(5) Close S D and note the readings of all the instruments for 
about ten different currents on A D) from 0 to full load, by varying 
Rn ; adjusting the brush rocker of the rectifying commutator to 
got sparkless rectification at all loads. 

Tabulate all your results as follows— 
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Name . . . Date 

Rectifier: No. ... Type . . . 

Full-load Output = Wntta Volts .... 

Value of non-inductive resistance >•«=... ohms. 


Maker . . . 
. . Amps. 
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(6) Plot the following curves : — between output TTy as abseil* 
W- ir„, 

and volts watts W; — ; efliciency j and voltage ratio 

A \ A 

of conversion, as ordinates in each ease on the same curve sheet. 

Inferences.— State concisely all the inferences which may be 
deduced fiom the results of the above tests. 


(146) Efficiency and Characteristic of Alter- 
nating Current Rotatory Converters. 
(Run from the Direct Current Side.) 

Introduction. — The rapid development of multiphase alternating 
current machinery, but perhaps more especially of that particular 
class of the same, known now commonly by the namo of the 
Rotatory Converter, marks one important epoch in the history 
of this all-important and ever-increasing branch of industry— 
Electrical Engineering. There are several different types of 
transformers, but all come under one or other of two main heads. 

(1) Static transformers or converters with no moving parts. 

(2) Rotatory transformers or converters having moving parts, 
and on which latter their very existence depends. The former of 
course include the ordinary every-day transformer which we are 
so accustomed to see. 

The type 1 transforms electrical energy of one species at a 
particular pressure into the same species but at a different 
pressure, why© type 2 transforms electrical energy of one species 
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into that of another. To this class belong the various forms of 
multiphase rotatory converters. Those converting from multi- 
phase alternating currents to continuous currents or vice versd , 
are usually multipolar machines, having any number of pairs of 
polos up to about 16 or more, with a periodicity ranging from 20 
to something like 60 per sec. Owing, however, to the con- 
ditions imposed by the relations between voltage, speed and 
size, they usually operate best at the lower periodicities. 

The rotatory converter to be tested consists of an ordinary 
direct-current machine, with the usual armature winding and its 
commutator at one end and three slip rings at the other, connected 
to three points on the armature winding — 0, § and J of the polar 
pitch apart, i.e. in a two-pole machine at 120° apart. The 
machine when driven as a motor by direct currents taken in at 
the ordinary commutator end develops a 3-phase alternating 
current at the slip rings. It is this type of converter which is 
beginning to bo used now on a large scale, only with more than 
one pair of poles, in long distance transmission of power, as 
follows— Polyphase alternating currents being transmitted at 
high pressure from the distant generating station, are reduced to, 
say, 100 to 300 volts by static transformers at the near end and 
then converted by the rotatory converter into direct currents, 
which may be employed for tramway, lighting, electrolytic pur- 
poses, or for charging storage cells. In any converting appliance, 
and therefore in any converter, the (total energy put in) - (total 
energy given out) - ( total internal losses). These are made up of 
mechanical frictions at journals, brushes, and due to wind or 
air churning, magnetic hysteresis, eddy currents and copper 
losses. 

Owing to the armature reactions of the dynamo and motor 
currents practically balancing one another, no lead of the 
brushes in either direction is needed for sparkless running. 

A rotary converter is usually run from the A.C. side in 
practice, but when “inverted,” i.e. run from the D.C. side, as 
in the present instance, the nature of the external circuit will 
have the same effect on its field as it has on that of an A.C. 
generator, but with additional effects. 

Thus on inductive load or power factor less than unity, a 
leading current will cause an armature reaction which will 
strengthen the held and hence reduce tho speed, while a lagging 
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current will cause a reaction that will weaken the field and 
hence increase the speed, in either cause producing a change 
of frequency. 

In fact, the increase of speed may become oxcessivo from 
either small lagging power factors or short circuit causing 
excessive weakening of the field, which can only bo counter- 
acted by an increase in the natural excitation of tho field 
proportional to the effect causing the increase of speed. 

Apparatus. — Multiphase convertor C to be tested in tho present 
caso assumed to be for 3-phasc currents ; source of direct-current 
supply E y direct-current ammeters A and a and voltmeter V ; 
alternating current ammeters A l A 2 A 3f and voltmeters V l V 2 K a ; 
non-inductive 3-phase rheostat R x R 2 R &} and ordinary ones R 
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(p. 606) and r (p. f>99) ; triple-pole switch S 1 S 2 and S ; non- 
inductive Wattmeters W x and )V 2 ; tachometer. 

Note. — Certain pieces of the above apparatus are not absolutely 
necessary to tho test, but when available may preferably bo 
inserted and used so as to clearly show wbat is actually taking 
place. Thus if tho threo resistances R l R 2 R s constitute a proper 
3-phaso rheostat (water or otherwise) (p. 607), which operates 
^ equally on each of tho mains, then in addition to apparatus as 
before we need only havo— one single 3-phaae rheostat R l ll 2 R & ; 
one ammetor A x and voltmeter V 1 instead of the three; one 
3-throw switch S l S 2 S v to close the three circuits simultaneously, 
and one Wattmeter, 
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The reason for such an alteration is fully described on p. 389, 
in connection with power measurements in multiphase circuits 
that aro symmetrically loaded. The method or rule for deducing 
the power absorbed in such cases will bo' found there, and 
must then bo used. In the present case we will assume that the 
circuits are not symmetrically loaded. 

For a more detailed description of power measurements in 
multiphase circuits, see p. 388 et seq. 

Observations.— (1) Connect up as in Fig 168, and adjust all 
the instruments to zero, levelling such as require it. See that all 
lubricating arrangements in use act properly. Increase li t A 3 
to a maximum and r to a minimum. See that all the switches 
are open and that the brushes aro fixed in the neutral position. 

(2) Start C like an ordinary D.C. motor, tho speed and volts 
V being adjusted to, and kept constant at, the normal values. 
Take readings of all tlie instruments with S t S, 2 S s open, and 
again with S 1 S 2 <S' 3 closed, for about ten different load currents 
on dj A., A 3 rising by alnrot equal amounts to the maximum 
permissible by varying A’ 2 A’ 3 . 

(3) Tho excitation (a) ami volts ( l 7 ) being now kept constant 
at normal value, repeat the readings in 2. 

(4) The speed and excitation being next kept constant at 
normal value, repeat 2. 

Name . . . Date . . 

Rotatory Converter : No. . . . Type . . . Maker . . . 

,, ,, : Normal output : Volta a . . . Amps a . . . Speed a , , 

„ ,, ; Resistances : Shunt Coils r t a . . . ohms at , . . *0. 

Armature , r a a . . 

Normal ratio of conversion = . . . 

Periods per rovol“. K= . . . 
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(5) Repeat 2-4 for a highly inductivo circuit 7? 2 7? 3 . 

(6) From obsen ations 2-5 plot the efficiency cuivo having 
7/ a as abscissae and 2 as ordinates. 

The external or a-c characteristic with V 1 as ordinates and A x 
as abseissm. 

The current characteristic with A as ordinates and A t as 
abscissa*. 

The voltage ratio, input, and speed as ordinates and // 2 as 
abscissae. 


From the current characteristic indicate how the efficiency of 
the convertor could bo calculated at any load and also work out 
the ratio of current transformation. 

Inferences. — State very clearly all that can be deduced from 
your experimental results. 

Note. — If n = number of armature windings per radian, 
e = maximum KM.F. per turn of winding, 
and if we assume the flux in tho interpolar spaco to bo sinusoid- 
ally distributed, and that tho E.M.F. is a sine function of the 
time, then tho voltago ratio of conversion with 3 phase 
connection^ 


= i ,/ -r 

2 ne 1 “ 


and the virtual voltage across any pair of slip collector rings will 
= 01-23 when that impressed on the direct current side — 100 
volts. 

In other words, tho voltage ratio of conversion with sine 
distribution of flux in tho interpolar space 
= 61*23%. 

As, however, tho flux is never so distributed, and, moreover, as 
the voltage ratio depends to a large extent on tho polar are, polo, 
shape and position of the brushes, the abovo ratio is only roughly 
about what may be expected. 

The C l R total loss and temporature riso will bo less in the 
machine used as a converter than when used as a dynamo. 



438 


ELECTRICAL ENGINEERING TESTING 


# 


(147) No-Load (open circuit) Characteristic 
or Magnetization Curve of Continuous- 
Alternating Current Rotary Converters. 
(Run from the Continuous Current Side.) 

The No-Load Characteristic or curvo of magnetization of a 
converter from which its magnetic properties and most suitable 
excitation is seen can be obtained in one of the two following 
ways — 

(1) By driving the rotary at constant speed from a direct 
coupled motor, or hy belting, and noting the readings of tho volt- 
meters across the d.c. and a c. sides respectively for each of some 
ton values of exciting current obtained from some outsido d.c. 
supply, and differing by about equal amounts from 0 to say 25% 
above normal oxcitation and taking a similar descending set of 
readings. 

(2) By connecting up exactly as in Fig. 108 and driving tho 
rotary as a motor from its d.c. side. 

With the field current (a) adjusted to say 20 % above its 
normal value (if possible) start tho rotary up in the usual way 
to maximum speed obtainable with this excitation, and It cutout. 
Note the readings of spued (to insure constancy throughout) and 
both a.c. and d.c. voltages for this maximum excitation, and for 
each of about ten smaller values obtained by increasing r and 
differing by about equal amounts down to tho minimum prac- 
ticable, the speed being kept at the same constant value by 
increasing i?, and tabulate as on page 436. Plot the magnetization 
curve, having exciting currents as abscissae, and the a.c. and d.c. 
voltages as ordinates respectively. 

Deduce a third curve by joining the points obtained on 
deducting the armature drop (= current X its resistance) from 
each of the d.c. voltage ordinates. 

Plot also a curve having a.c. volts as ordinates with d.c. 
volts as abscissae and deduce the voltage ratio of conversion. 
Compare this ratio with the theoretical value and explain the 
reason for any difference. 
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(148) Effect of Variation of (1) Excitation 
(3) Speed on the Voltage Ratio of a 
Rotary Converter (Run from the Direct 
Current Side.) 

Observations. — (1) With exactly the same connections as in 
Fig. 168, and with S v <S' 2 , open, note the readings of all tho 
instruments for constant speed throughout, for about eight 
different values of exciting current (a) differing by about equal 
amounts between tho minimum and maximum values possible. 

(2) Repeat (1) with fi v S v S 3 closed, and at £ and full 
load respectively, the load being kept constant by varying 
R v Xplt r 

(3) Repeat 1 and 2 for a similar variation of speed at 
constant normal excitation and tabulato as on p. 436. 

Plot curves for Tests 1 and 2 at each load having exciting 
currents («) as abscissae, and (1) a.c. volts, (2) d.c. amps, (3) 
voltage ratio of conversion, as ordinates in each case, and for 
tests (3) curves having speeds as absciss® with voltage ratio; 
a.c. volts* and d.c. amps, as ordinates. 

Inferences. — State concisely all that can bn deduced from the 
results of your investigations in tho present tost. 

(149) Efficiency and Characteristics of Alter- 
nating-Continuous Current Rotary Con- 
verters. (Run from the Alternating 
Current Side.) 

Introduction. — The investigations to be made in the present 
case are all tho more important and instructive because the usual 
application of this kind of rotary, commercially, is to convert a.c, 
to d.c., the machine being supplied with a.c. and running as a 
synchronous a.c. motor. The speed at which it runs will there- 
fore solely depend on the number of poles in the field, and on 
the periodicity of the a.c. supply, and if this latter is constant the 
speed will be also, irrespective of the load developed at the d.c. 
side> or of the excitation. As the load increases, for constant 
power factor, a.c. voltage, and frequency, “armature reaction” 
causes an increasing drop of d.c. voltage, and, further, a decrease 
of excitation is necessary tp maintain constant power factor, but 
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an increased variation of d.c. voltage results. On the other 
hand, a constant excitation increases the intake current, but 
decreases the variation of d c. voltage. By varying the excitation 
to maintain constant d.c. voltago, this latter, and also the 
efficiency, is increased. In order to minimize the variation of 
d.c. volt .go, and maintain a constant voltage ratio as the load 
changes, rotaries are usually compound wound, tho series coils, 
just as in the case of an ordinary compound dynamo, producing 
an increase of excitation proportional to the load, and simul- 
taneously, tho necessary change of power factor. A rotary can ho 
over-compounded so as to give an increasing d.c. voltage with load 
to make up for loss of voltage in transmission, in which case unit 
power factor is obtained by field regulation at some fraction of 
full load, thereby giving leading currents at full load. On a light 
constant load, a given variation in the excitation causes a much 
greater cliango in the current intake and power factor than it 
would do on a heavy constant load. Since the lost armature 
volts in a rotary run from its a.c. sido = (current x armature 
impedauco), while when run from its d.c. sido this quantity 
= current x armature resistance, and also owing to the power 
factor not being unity ; to tho wave-forms of a.c. supply, and of 
tho rotary (run from the d.c. side) being different; and to armature 
reaction, tho voltage ratio of conversion will he different when 
run from the d.c. and a c. sides. Further, when the power factor 
of the circuit is low and the current comparatively large and 
lagging, tho supply and lost armature volts will bo more nearly 
opposite in phase, and lienee a larger armature drop results 
at the small oxcilations. A rotary has unit power faotor at a 
particular excitation, also too low an excitation causes the current 
to lag, while too high an oxcitation causes it to lead as shown by 
the V curves between excitation and power factor obtained in 
the above investigation. Constant d.c. voltage at all loads can 
be maintained by adjusting the excitation to give unit power 
factor at full load. 

Apparatus. — Precisely that prescribed for Test 146, except 
that the a.c. supply is substituted for, and takes the place of, 
R v 1^ R Sf and that some form of synchronizer is needed. If the 
phases are equally balanced, or if all the instruments on the a.c. 
side are unavailable, then any two ammeters such as,j4j and A i 
and any two voltmeters such as V v V 8 may be omitted. Also one 
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of the two wattmetors shown might be omitted, means being pro- 
vided by a two-way key for connecting one end of the fine wire coil 
of the wattmeter used to the remaining two supply mains in 
quick succession. It will be noticed that a three-phase rotary is 
assumed for the test, but the same considerations and investigations 
would apply to single- and two-pliase rotaries. 

Connections. — To be as shown in Fig. 168, unless modified by 
a reduction in the number of a.c. instruments as mentioned above. 
The simplest and most convenient form of synchronizer to 
employ consists of two ordinary glow lamps supported in two 
ordinary bayonet holders connected in series and carried on a 
base board with two terminals. The sum of the voltages marked 
on the lamp bulbs must not be less than the sum of the supply and 
converter a.c. voltages. The two terminals of this “ lamp syn- 
chronizer " may be connected so as to short circuit N v say a pieeo 
of thin wiro short circuiting, say, S 2 . 

The Process of Synchronizing the rotary with the a.c. supply is 
usually most conveniently accomplished as follows — 

(«) Adjust all instruments which need it, and with S v A, 
open, stait the rotary up as a d.c. motor from a d.c. supply E, by 
closing S, and operating the starter (not shown), with which the 
machine is provided, in the usual way. 

N.B. — If there is no starter, the adjustable load resistance R 
may bo used for starting up. 

(b) Adjust R so as to obtain the same voltage on V 2 ns that of 
tho main a.c. supply, and then adjust r to give such a speed that 
the lamps go out. The a.c. supply and a.c. voltago of tho rotary 
are now equal to, and opposing , one another, and of the same 
frequency, and henco in synchronism. The switch S\ S.>S 3 must 
now bo closed, and S at once opened, when the rotary will con- 
tinue to run, now as a self-oxciting threo-phaso synchronous a.c. 
motor. 

It may be mentioned that the a.c. voltages of the main supply 
and of the rotary are in assisting series when the lamps show 
steady luminosity, whilo between this and the “quite out" con- 
dition they pulsate in brightness due to the current pulses of the 
two'E.M.F.s trying to catch up to one another. 

Of course, a separate motor, or driving source, if available, 
might be uspd to run the rotary up to synchronous speed instead 
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of the d.c. supply above named. If the d.c. supply used for 
starting-up purposes is unsuitable for giving the necessary a.c. 
voltage on the rotary at tho required speed, the rotary may be 
run up to a much highor speed than that of synchronism, S then 
being opened, and afterwards closed, at the moment when 

tho specu fajls to such a value that the lamps go out. 

Note. — If an outside d.c. supply is used in synchronizing, then 
directly the rotary is running synchronously on the a.c. supply 
and S is opened, at once disconnect the mains E from the auxiliary 
d.c. supply, and connect them together to avoid the p >ssibility 
of a future mishap by forgetting to do this at tho timo. Several 
investigations on tho operation of tho converter under different 
conditions can now be undertaken. 


Effect of variation of Direct Current Load 
on the operation of the Converter at 
Constant Direct Current Voltage and 
Excitation, and Alternate Current 
Frequency. 

Observations. — (1) Adjust the exciting current (a) by moans 
of (r) until the intako a.c is a minimum, then with S still open, 
nuto tho readings of all tho instruments and tho speeds of tho 
rotary and generator (giving the main a.c. supply) respectively for 
normal frequency. 

(2) Close S and note the readings of all tho instruments and 
the speed, for about eight different d.c. loads rising by about 
equal amounts between 0 and full load, by varying R ; keeping 
the current (a), the supply frequency, and the d.c. voltage ( V ) 
(by varying the excitation of the main generator), constant 
throughout. 

(3) Repeat (1 and 2) above for a lower and also for a higher 
constant excitation than that previously found in Test 1 above, 
and tabulate your results as shown in the table. 

(4) Plot curves between d.c. output in amps. A as abscissas, 
and (a) efficiency 2, (&) power factor, ( c ) mean intake a.c. 
amperes, (rf) mean a.c. volts, as ordinates in each gase. 
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(150) .Effect of variation of Direct Current 
Load on the operation of the Converter 
at Constant Alternate Current Voltage 
and Frequency, and Direct Current 
Excitation. 

Observations. — (1^ With constant normal ac. voltage and 
frequency maintained throughout, repeat (l —4) Test 149 above, 
plotting for (4d) above the d.c. volts instead of mean a.c. volts 
as ordinates. The curvo between V and A is called the d.c. 
characteristic of the rotary. 

(151) Effect of variation of Excitation on the 
operation of a Converter at Constant 
Alternate Current Voltage and Frequency, 
and Direct Current Load (“V” curves). 

Observations. — (1) With S open, and the converter running at 
constant normal a.c. voltago and frequency, note the readings 
of all the instruments, and tho speeds of the main generator and 
rotary for about eight different exciting currents (a) betweon the 
lowest and highest permissible by altering (r). 

(2) Close (S) and repeat (1) for constant loads of about J, A, 
\ and full d.c. load and tabulate as indicated. 

(3) Plot curves between d.c. amperes of excitation as abscissae 
and (a) power factor, (6) intake alternating current, (c) voltage 
ratio of conversion, ( d ) intake a.c. Watts. 


(152) Variation of Excitation to Maintain 
Maximum Power Factor for Varying 
Direct Current Load at Constant Alter- 
nate Current Voltage and Frequency. 

.Observations. — (1) With S open, and tho rotary running at 
constant normal a.c. voltage and frequency, adjust the excitation 
(a) so as to obtain minimum intake current, and note the readings 
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of all the instruments and the speeds of main generator and 
rotary. 

(2) Close <S and note the valuo of the exciting current (a) 
necessary to give 'minimum intake current at about 8 different 
d.c. loads between 0 and the maximum (by altering R), tho a.c. 
voltage and frequency being the samo at each load. Noterall tho 
other instrumental readings and tabulate as indicated. 

(3) Plot curves between d.c. load in watts as abscissae and (a) 
d.c. volts, (6) exciting current, ( c ) a.c. amporos, ( d ) power factor, 
(e) voltage ratio of conversion, (/) etliciency. 


Name . . . Date . . . 

Rotary : No ... Type . . , Maker . . 

d.c. Side: Volts = . . . Amps. = . . . Speed = . . . 

a.e. Sido : Volts = . . . A ni] is. =» . . . Wattmeter Constants Aj = . . .; . . . 

Resistances Ariuntirn r,» = . . . Kliunt r t h = . . . Series n? a . . . 


| Speed of J 

Gener- 

ator. 

Ri »taiy. 




Fre- 

quent’}’. 


M.un Alternating Curient Supply. 


Currents. 

Voltages. 

Wattmotois. 
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lZizitj 
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14 
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£b 
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p.h 
< > 
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8 

Sliunt 

a. 
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A. 

in 

*AV. 
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15 

;a 

gsl 
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Inferences. — Very carefully consider and state all the infer- 
ences which can be deduced from the results of your investigations. 

(153) Efficiency and Output of a “Booster” 
or of a “ Motor Generator Set." 


Introduction. — It frequently happens in practice that either 
electrical power in one form at a certain pressure is required in 
the same form but at a different pressure, or that electrical power 
of one nature is required in quite a different nature at the same 
pressure or otherwise. The eloctrical appliance by means of 
which such transformations can be effected is variously, termed a 
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11 Motor Generator,” “Booster,” “Rotatory Converter, 0 “Con- 
tinuous Current Transformer,” etc. 

In all these appliances the desired effect is produced by 
machinery in motion, and only so long as it is in motion. The 
motor-driven Booster at the present day is essentially a device 
for transforming direct-current energy from one pressure to 
another. Speaking in general terms a Booster is a machine for 
adding a small percentage of E.M.F. to a large generator and is 
much used in storago battery systems. The Motor Generator and 
Converter very frequently constitute a device for transforming 
electrical energy in the form of direct currents into that of the 



form of singlo and multiphase alternating currents or vice versd. 
The motor generator frequently takes the form of two separate 
machines, on the same bed plate, with thoir shafts in alignment 
and coupled mechanically. One machine M constitutes an electro- 
motor, fed from an external soureo of electric supply, the other 
is a generator D which is driven direct by the motor and develops 
electrical power. 

As machines of this nature are used to somo considerable extent 
as “ regulators ” to “feeder mains,” and also with some slight 
constructional difference as “ equalizers ” on the various systems 
of parallel distribution, the determination of their efficiency and 
output becomes of considerable importance. 

Apparatus. — Motor generator MD j source of electrical energy 
E \ ammeters A l A 2 and voltmeters V 1 and V 2 ; rheostats RiR 2 
(p. C06) and r (p. 599) ; switches S x and S 2 ; tachometer. 
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Note.— Prior to starting, all lubricators must bo seen to feed 
properly. 

Observations. — (1) Connect up as in Pig. 169, and adjust the 
pointers of all the instruments to zero. Increase li l h\ to their 
maximum and r to a minimum. See that S l S 2 are open and both 
sets of brushes down. 

(2) Close S x and adjust Ii\ so that the normal speed N for the 
particular “set” tested is obtained. Note simultaneously the 
readings of A v a , V v V 2 and N. 

(3) Close S 2 and adjust ifj Ii 2 so that A 2 reads about ^ full 
load current in amperes, N being the same as before. Again 
read all the instruments. 

N.B. — It may be found necessary to vary the excitation of M 
by means of the resistance r in order to keep the speed constant 
throughout any one set of readings. 

(4) Repoat 3 for about ten different load currents A 2 up to the 
maximum, rising by about equal increments at a time. 

(5) Repeat 3 and 4 for speeds 20% above and 50% below normal, 
and tabulate your results as follows— 

Namb . . . Date . . . 


Maker of Motor Generator . . . Resistance of Shunt Coll of M (r«) «... ohms. 

Number of „ ... Type . . . Normal Output «... Watts, at. . . revs, per min. 


l 

CO 

§ 

1 

Watts used 
in Shunt 

o»r. 

\\ 

tC 

a 

1 

fcT 

a 

ft 

cd ^ 

if 

£ 

<D 

l 

p.'St*- 

29a 

Efficiency of 
Motor-generator 

2 - X 100 %. 













(6) Plot an efficiency curve for each speed having IV 2 as 
abscissae and 2 as ordinates. Also curves having )V X as 
ordinates. 


Inferences.— State clearly all tho inferences which you can 
draw from the results of your experiment. Could tho combined 
efficiency be increased by any structural alterations in the " set ” 
tested ? 

(154) Determination of the Periodic E.M.F. 
and Current Curves of an Alternator. 

Introduction.— It may sometimes be desirable to determine 
the periodic curve or wave of E.M.F. and current in an alter- 
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nating current circuit, for tho shape of such curves has an 
important influence on the losses occurring in the iron cores of 
any appliances in tho circuit. In fact, the more peaked the 
E.M.F. curve, or tho more nearly it approximates to a sine or 
even a triangular curve, tho less will be the losses occurring in 
such appliances and the greater will bo what is called the “form 
factor ." 

Two cases may arise in which it is desired to obtain the 
periodic curves, namely (1) whon the alternator supplying the 
circuit is at a long distance away, and consequently inaccessible 
in a sense, (2) when the test can be applied closo to the alternator, 
if necessary. In cither case some convenient form of rotating 
contact maker must be used to close the circuit of a suitable 
measuring arrangement for an instant onco every revolution, at 
any definite point in tho period of alternation, corresponding to 
the position of the brush or contact arm. Hence by moving this 
contact arm into various angular positions, tho periodic curve of 
instantaneous values of varying E.M.F. and current at different 
instants can be obtained throughout tho whole period or wave. 
Such a contact maker is illustrated and described in the 
Appendix, p. 619, and in case 1 above it is fitted to and driven 
by a synchronous alternating current electromotor run off tho 
supply of which tho E.M.F. or current curve is desired. Such 
a motor always runs at a speed bearing a definite and fixed ratio 
to tho periodicity of the supply current. In case 2, the one wo 
shall here consider, tho contact maker is fixed to, and is driven 
by, the rotating portion of the alternator itself. 

Knowing then the periodic curves of E.M.F. and current in a 
circuit together witli their phase difference^ at once seen from the 
relative positions of the two curves, the true instantaneous power 
developed in that alternating current circuit can at once be 
deduced. 

Tho following method of obtaining such curves consists in 
charging a condonser to a certain E.M.F. by periodically 
connecting it, by means of the contact breaker, to the alter- 
nating circuit to be tested, and measuring this E.M.F. by an 
electrostatic voltmeter. This will therefore bo the instantaneous 
value of the potential at the point of the poriod of alternation 
corresponding to the position of contact of the brush on the 
contact malccr. 
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The function of the condenser is to maintain the instantaneous 
voltage at a uniform valuo and so insure a steady reading on the 
voltmeter, notwithstanding the leakage usually occurring from 
it, in the interval between successive contacts. 

If a Kelvin multicellular voltmeter (preferably dead beat type) 
is used lor the test it will be necessary to obtain a falso zero of 
about 30 on its scale, as the one volt graduations only commence 
from this point upwards. For this purpose an auxiliary voltage 
of about 30, which can be supplied by a battery of about 15 small 
secondary cells, may bo used. As the circuit is closed by the contact 
maker for a small fraction of a second only, tho condenser should 
have a small capacity, otherwise it may not be fully charged. Even 
though V and C are well insulated a certain amount of leakage 
may occur, depending on the rate of contact — i. e. on tho speed of 
D. A known steady P.D. should therefore be applied in place of 
the alternator P.D., and the speed adjusted to the valuo above, 
then if there is leakage V will road differently when the contact 
is stationary and when periodic ; the ratio of theso two x V l gives 
the instantaneous P.D. In the determination of the current 
curve a low non-inductivo resistance should be used, sO that its 
introduction may not affect the existing conditions of tho circuit 
to any appreciable extent. Tho P.D.s in this case will be small, 
and can be measured by tho ordinary “ Null deflection,” or 
balanco method on a potentiometer. Tho amperes per scalo 
division can bo found by passing a “ known steady direct 

current” through (r) 
from a supply in place 
of D } tho rate of con- 
tact being .'is abovo ; 
then known current 
-r scale reading = am- 
peres per div. 

Apparatus. — Alter- 
nator D with its excit- 

. ing circuit ; contact 

B ilj maker JI(p. G 19); woll- 

1 1 ' ^ insulated electrostatic 
j- I0 i7o. voltmeter V (p. 5G3), 

and also J to J m.f.d. 
condenser (7; well-insulated battery B\ A.C. voltmeter V x \ AC. 
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ammeter A ; switches S and ; load resistance R, in whieli the 
current \Vavo is to be found ; non-inductive resistance r, of such a 
size as will carry the current without .sensible heating ; sensitive 
H.lt. galvanometer (p. 569) ; potentiometer PQ (Fig. 171), with its 
slider key K 1 ; E.M.F. — E (2 volts), and reversing key A' 2 (p. 585). 

Note. — All lubricating arrangements must be seen to feed 
properly when tho machines are started. 

E. M. F. (Ju K v e. — Fxperimm ts — 

(1) Connect up as in Fig. 170. Set X to 0 on its scale and 
measure the auxiliary voltage (v) on V by short-circuiting C by a 
wire and afterward removing this. 

(2) ISlart I) and adjust its speed to the normal valuc^ say, also 
its excitation so as to give about normal voltage on the volt- 
meter V v 

(3) With the speed and terminal P.D. constant, note the steady 
reading on K, which therefore is a measure of the instantaneous 
E.M.F. of D for this position of A". 

(4) Repeat 3 every 20° from 0 throughout the period of 
alternation (360°) by moving X, noting the points when h\ is 
used to reverse the E.M.F. of B. 

(5) Repeat 2-4 when I) is giving a convenient constant current 
through a suitable inductive circuit U. 

Current Curve. — Experiments — 

(1) Connect up as in 
Fig. 171. (Sot .V to 0 and 
repeat 2 above. 

(2) With R at its 
maximum, close S and 
adjust the current to 
the same value as men- 
tioned in 5 above, by 
means of the exciting 
current. 

(3) With the spued 
normal and terminal 
P.D. constant, obtain 
balalice with so that, 
on pressing it, no deflec- 
tion occurs *>n G. Note tho scale reading (d) of K v which 
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therefore is a measure of the instantaneous P.T). at the resist 
ance r « 

(4) Repeat 4 above, and tabulate your results as follows— 

Name . . . 1)atjs . . . 

Ef/Ced of D - . . . Revs per min Ficijium. \ . <'■>_ pcrscc. 

Cap A fty of C= . . . Anx. K M.F. v ~ . . . Volfs 

Non-ind R- Mitanoo r ~ . . . ohms. 

Reading of voltmeter V i = . . \olts Volts per div. of PQ ( n ) = . . 

M ammeter A — , . am; a. Amps ,, {fi)~ 


Reading of 
X « l’li use 
Angle 

0\ 

Total 
E.M P. 

V. 

Nett Inst. 

K M F 
= V-v. 

Ilewl mg 
Of 1* Q. 

Actual Inst 
E M.F atr. 
M) 

Actual lust. 

Curicut 
thiougli r 

A 1 ~ a ~ 

Angle ol 
Phase 
between 

Vj and Aj. 


1 






Note. — 2 v must either be added or subtracted, on reversing the 
battery switch, according to whether (t>) was previously in helping 
or opposing series. Half the cl i (Terence between tbo readings = v. 

It will be obvious that the instantaneous terminal voltage of 
D can be obtained in .addition to the current, if in Fig. 171 E 
has a value at least = the maximum value of that voltage ; PQ has 
a high resistance, and a two-way key be used in place of the 
permanent connecting wire between C and r, so that it will 
connect C successively to (r) as shown, and to the junction of 
R and S, which latter gives the terminal instantaneous voltage. 

(5) Plot the E.M F. and current curves on the same curve 
sheet, having 0° as abscissae in each case and V x and A x 
as ordinates respectively, and calculate out from them the 
s/mean square of the instantaneous values of V and A. 

In determining the periodic curves of E.M.F. in a high tension 
circuit a potentiometer arrangement should bo used; the wires 
going to 1) (Fig. 1 70) being connected to the ends of a suitable 
known fraction of a known high resistance placed across the 
mains, and which can carry an appreciable current, say £ to £ an 
ampere, thus illuminating any error arising from the capacity 
current of the voltmeter. 

(155) Determination of the Periodic E.M.F. 
and Current Curves of an Alternating 
Current Circuit (Ballistically.) 

Introduction. — Should an electrostatic voltmeter not be avail- 
able as in the preceding method, a reflecting ballistic galvanometer 
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G may be used, and it should preferably bo of the moving coil 
D’Areonv^l type, so as not to be affect ed by the stray magnetic 
fields invariably met with in a dynamo-room. In all other 
respects the present method is precisely similar to the last. K z is 
a reversing key (Fig. 250) for obtaining deflections each side of 
zero. When the two-way key K (Fig. 25G) is put to stud 1 the 
condenser C is charged to an E.M.F. corresponding to that for the 
position of the contact arm X in the period of alternation. On 
putting K to 2 , C is discharged through Cr, and since the resulting 


throw is co the quantity flowing out of C, which in turn is 


oc G’xK, where C = capacity of the 
condenser and V the E.M.F. to which 
it is charged, we see that the resulting 
momentary throw on G x V, since 
the capacity is a constant. 

This should bo larger the smaller 
tho charging E.M.F. to be measured 
The current curve is obtained in a 
precisely similar manner to that indi- 
cated in Pig. 171. 



Fig 172 . 


(156) Delineation of Wave-Forms by means 
of the Duddell Oscillograph. 

Introduction. — The shape of wave-forms in general, but 
perhaps more especially those of current and pressure in alter- 
nating current circuits, are of the utmost importance to electrical 
engineers. For instance the efficiency of transformers and a.c. 
motors, and even the working of the latter, is in some cases 
seriously affected by the wave-form of the supply. On the other 
hand, the optical efficiency of the a.c. arc has been found to be 
44 % higher with a flat-topped E.M.F. curvo than with a peaked 
curve, while transformers work most efficiently on peaked curves. 
Again the wave-form reveals tho presence or otherwise of higher 
harmonics due to accident il though often avoidable resonance 
effects, so dangerous in causing the breakdown of the insulation 
of high-tension electric cables. 

The oscillograph itself consists of a highly specialized reflecting 
d’Arsonval ^galvanometer having an extremely small periodic 
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time, when undamped, of from ^^th to °f a second, 

depending on the type of instrument. • 

For all ordinary frequencies the oscillograph is perfectly dead- 
heat, absolutely free from liystoretic errors, and lias practically 
no self-induction or capacity. 

It is therefore an accurate instantaneous ammeter or volt- 
meter capable of giving a deflection which is at any moment 
accurately proportional to tho instantaneous value of the variable 
even with frequencies of 300 or more poriods per second on 
any wave-form whether periodic irregular, or non-periodic and 
whether continuous or alternating. 

Tims in addition to recording E.M.F. and current waves, such 
an instrument will indicate tho charge and disclnrge curves of 
condensers, the changes of P.D. and current on breaking an 
inductive circuit, tho P.D. and current changes in the armature 
coils of a dynamo or motor, or in the primary of an induction 
coil or even tho very rapid changes when the d.c. arc hisses. 
Doubtless it will be employed for a vast number of other 
determinations as time and necessity arise, but the preceding 
merely servo to indicato some of tho uses to which th'is highly 
important instrument has already been put. 


Construction of the Duddell Oscillographs. 

The apparatus consists of the galvanometer, c mibined either 
with a rotating or vibrating mirror, moving photographic film, 
or falling photographic plate. 

Fig. 173 is a diagrammatic view of the galvanometer part of 
tho instrument showing tho principle on which it works. In 
the narrow gap between the poles N, S of a powerful magnet 
are stretched two parallel conductors 8, 8 formed by bending 
a strip of phosphor-bronze back on itself over the pulley P 
which is attached to a light spring balance. At the bottom 
ends the strips are clamped on a block, K , while at the top they 
are held in position by tho bridge piece L. By altering the 
tension on the spring stretching the phosphor-bronze loop, the 
periodicity of the instrument can be varied at will. Each strip 
or leg of the loop passes through a separate gap (not shown) in 
the magnetic circuit. The clearance between the sides of the 
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gaps and the moving strip is but 0'38 mm., and these gaps are 
filled with a viscous oil, over which is placed a small lens, which 
is held in position entirely by the surface tension of the oil, and 
serves in its turn to keep the oil in placo. The object of the 
oil is to damp the movements of the strips. A small mirror 



marked M is attached to the loop, as shown. The effect of 
passing a current through one of those loops is to cause ono leg 
of it to advance whilst the other recedes, and the mirror is thus 
turned about a vertical axis. In the high frequoncy instrument 
the natural period of vibration of the loop is T0 ^ 00 th of a second, 
and the clearances being, as stated, extremely small, the damping 
effect of the oil is so great, that the instrument can be relied 
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upon to give accurate results even when the periodicity of the 
current to be tested is over 300 periods per second. Small fuses 
below the loops protect these from injury in case of accidental 
excossivo cui rent. The fuses consist of very fine wires enclosed 
in glass tubes, which are held in position by spring clamps. 

The beam of light reflected from the mirror M is received on a 
screen or photographic plate, the instantaneous value of the current 
being proportional to the linear displacement of the spot of light 
so formed. With alternating currents the spot of light oscillates 
to and fro as the current varies and would thus trace a straight 
line. T' COl -e to obtain an image of the wave-form, it is necessary 
to tr* s * n a ddie photographic p ] ato or film in a direction at right 
angf^ r *8 w ffie \V, lotion of movement of tho spot of light. A 
see'° n mirror can bo interposed in the path of tho beam of light, 
.ductive ^j rror cause d to vibratfe 1 or rotate so as to impart to the 
coils of a Ujr f a un jf orm motion proportional to time in a plane 
at rig*Li e7eM to the plane of vibration of tne ihoam due to the 
current. The spot of light will now trace out on a stationary 
screen or plate tho time cuive of the variation of the P.D. or 
current as the case may be. If the variations are periodic, as in 
alternating currents, then the second mirror can be synchronized 
and the spot of light caused to trace out the wave-form over and 
over again. 

The various methods of examining and recording the wave- 
forms will be described later. 

The Oscillograph is provided with an adjustment for slightly 
increasing the periodic time and sensibility. This may be done 
by altering the tension of the strips. This is nob advisable, 
however, as it is liable to spoil the definition of the spots. 

Four standard types of Duddell Oscillograph are made and are 
in common uso, namely — 

Type I. The Double High Frequency Oscillograph, which is the 
most sensitive type and has a powerful electro magnetic field. The 
magnetizing coils are wound in eight sections, and by suitably 
connecting them the field can be excited direct from any voltage 
between 25 and 100 volts or from 200 volts with an 8-c.p. lamp in 
series. The magnetic circuit being saturated, a change of 4% up or 
down in exciting current only changes the sensibility about l°/ 0 , 
To introduce damping oil, the vibrator cover should,, be removed, 
the lens lifted up, the vibrator being held horizontal and a drop 
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or two of the special oil placed on the gaps over the mirrors. 
The leng is then lowered into place, the lower edge first, care 
being taken not to imprison auy air bells. The temperature of 
this oil is measured by inserting the bulb of a thermometer at the 
back of the vibrator. 

IL The Single Permanent magnet, and III. the Double Per- 
manent magnet, Oscillographs aro similar to one another. In 
each the electro magnet of Type I. is replaced by a peimanent 
magnet, and the damping oil, which is introduced by moans of a 
small cup at the back of the instrument, is adjusted to give 
corroct damping at 15° 0., and practically correct damping 
betvven 10° U. and 20“ 0., so that no thermometer is needed. These 
two typos are portable ami can bo easily insulated for research on 
10,000 volt circuits by placing it on an ebonite table, 

IV. The Double Projection Oscillograph is somewhat similar 
to Type I. and is most suitable for teaching and lecture work. 
Wave-forms having a total amplitude of 1 metre can be tin own 
on to a screen. 

The above types arc single or double according as they possess 
one or tub strips respectively. The double or two-strip pattern is 
practically two single instruments built compactly in one magnetic 
field and capable of recording simultaneously any two distinct 
wave forms. A fixed mirror is fitted in addition to give the 
datum or zero line. Types II. and III. can be arranged in 
portable form. 


Three Methods are generally employed for 
Observing and Recording the Move- 
ments of the Spots. 

1. Visual observation. A rotating mirror is placed with its 
axis horizontal in such a position that the reflection in it of the 
moving spot on the screen can be examined; when, owing to 
persistence of vision, the moving spot will appear drawn out 
into a bright time curve of the variations which it is required to 
observe, and this curve can be sketched if required for future 
reference. 

2. Recording by photography. A photographic plate or film 
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is caused to move rapidly at right angles to the plane of vibra- 
tion of the beam of light, so that the moving spot trac^3 out on 
it the required variations. 

The photographic method is very expeditious, and gives permanent 
records which are free from, all errors of a personal nature ; it is 
the only satisfactory method of recording irregular non-periodic 
variations of P.D. and current. 

3. Tracing In this method, which is only applicable to 
periodic variations, the beam of light from the Oscillograph is 
reflected by an additional mirror with its axis horizontal before 



Fi(J 171. Tbi>r I D.mble 0->rillo£rniih with Syivhrouous Motor find 
Tracing Desk. 


reaching the screen, and this latter mirror is caused to movo 
uniformly and synchronously with the period of the variations 
to be recorded. This combination of tho two motions at right 
angles, tho ono proportional to tho instantaneous valuo of tho 
current through the Oscillograph, and the other to the time, 
causes the spot to travel continuously along tho time curve of 
variation of the current, which curve, if the frequency is suffici- 
ently high, will appear as a stationary bright line of light. This 
curve may be recorded by tracing or photography. In the Pro- 
jection Oscillograph, this stationary line of light can ho thrown 
either on the screen or on the tracing desk. 

The arrangement employed for tracing a.c. wavo forms which 
remain fairly constant in shape and frequency and thus obvi- 
ating the necessity for using photography is shown in Fig. 174. In 
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it the light from the Oscillograph mirrors is reflected vertically 
by a snyill mirror wliich is made to vibrate synchronously by 
means of a specially designed alternate cm rent motor. The light 
is thrown on to a curved screen, on which tracing paper is held 
by means of a clip and on which the wave-forms appear as 



Fio 175— Type III. Double tVimaiu'nfc M.'ifjiict O'Cillogr.iph. 

stationary curves of light, and may he traced by hand. Tho 
small mirror is vibrated by means of a cam attached to tho 
motor shaft. The cam is so arranged that the mirror moves 
uniformly for about 1^ complete periods during which the wuvo- 
fonn is observed; it then returns rapidly to its shirting point 
during the remaining | period. During tho half period of return 
motion, the light is cut off from tho Oscillograph by means of a 
sector fixed to the motor. 
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The Oscillograph shown in Fig. 175 can of course be substituted 
for that shown in Fig. 174, the tangent screw heads a, «,.Fig. 175, 
being for the purpose of bringing the spots of the Oscillograph 
to zero on the screen. 

The Synchronous Motor. — Seeing that this must run dead 
synchronously with the wave-forms to be recorded, it should be 
supplied from the same circuit. 

To start the latest type of motor , connect the three terminals on 
it to the phase-splitting board by means of the three-way flexible 
lead attached to the latter. Care must be taken to connect the 
wires to the terminals correspondingly marked, the remaining two 
terminals on the phase-splitting board being connected to the 
a.c. supply having a P.D. of 100 to 120 volts with any frequoncy 
between 30 and 100 ~ per sec. 

See that the armature of the motor is quite free by turning 
the milled head, and that the bearings are well oiled, then after 
pushing the movable core of the choking coil in as far as it will 
go, close the switch. Now give the armature a start by sharply 
twisting the milled head on its spindle at the vibrating mirror 
end in the clockwise direction, when it should continue to run 
and increase in speed up to synchronism. 

If the motor does not attain synchronism (indicated by the 
“beats” in the sound emitted), draw out the core of the choker 
little by little until a constant rhythmic hum is given out. 

The position of the core for synchronism depends on the 
wave-form and frequency, being further out the higher the lattor. 
If the core is too far in, the motor will not attain synchronism, 
and if too far out tho motor will take too much current and get 
hot. 

It might be necessary to remove tho load from the motor at 
starting by pressing back the mirror so as to lift the “ follower ” 
of the cam. 

The wave-forms will have more than one complete period, and 
will move to and fro on the tracing disc or screen if the motor 
is running below synchronous speed. 
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Method of Connection of Oscillographs to 
“the Circuits to be Investigated. 

The P.D. required to work the Oscillographs when fuses are 
used in series with the strips is ouly 1 to 1*5 volts. For current 
curves a non-inductive shunt R s should be placed in the main 
circuit and connected as shown in Figs. 176 and 177. The low 
resistance R 2 selves ,to adjust tho sensibility to a round number 
of amperes per millimetre. An Ayrton-Mather shunt giving six 
sensibilities for currents from 1'5 to 60 amperes is made for tliis 
pui pose. When the sensibility is adjusted by altering A' 2 to a 
round number of ampetes per millimetre for any one of tho 



Fio 1 7(1.— Diagram of Oonuection of Oscillograph to Low Tension Circuit. 


sensibilities, all the other positions of shunt are simple multiples 
of the same; thus with Oscillographs Types I., II. and III. the 
sensibilities may be 0“05, 0T, 0 2, 0*5, 10, 2*0 amperes per milli- 
metre. Standard Potentiometer shunts constructed for a drop 
of 1 to 1*5 volts can also be used in place of R z . 

For P.D. measurements up to 250 volts a non-inductive 
resistance R 1 is placed in series with the strips, Fig. 176, which is 
adjusted to give a round number of voltB per millimetre deflec- 
tion. Thd switches S v S 2 and fuses f v f 2 should be arranged as 
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shown in the diagram so that no P.D. can exist between the P.D. 
and current strips due to their action. •- 

For P.D.s up to 15,000 volts the arrangoment shown in Fig. 
177 is much safer. R x consists of several specially wound 10,000 
ohm resistance frames joinod in series and giving about 7 to 10 
ohms for each volt, so that on a 10,000 volt circuit R x would be 
70,000 to 100,000 ohms ; R b is a 100 or 200 ohm coil forming with 
h\ a potential divider j R i is a resistance to adjust tho sensibility 



Flu. 17 7. -Diagram of Connection of Oscillograph to High Tension Circuit. 


to a round number of volts per millimetre deflection. The same 
resistance box as is used for R h in Fig. 176, is suitable. When 
P.D. curves only are being recorded then R 6 should be connected 
at that point in R x which has the least potential above earth. 
All the resistances R v R v R v R x and R b must be insulated so as 
to stand four or live times the working 1 voltage to earth. Unless 
the side of the circuit containing R z is permanently connected to 
earth it is better not to use any switches or fuses in the Oscillograph 
circuit as shown , and permanent magnet Oscillographs Types Nos. 
II. or III. should be used. It is aUo advisable to connect one 
termiual of the strips to tho frame so as to screen it from 
electrostatic effects. On high voltage circuits the synchronous 
motor if used is best supplied through a suitable transformer. 
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When using the double Oscillographs the two pairs of strips should 
be so connected to the circuit that it is impossible under dug circa m- 
stances that a hvjher potential difference than 50 volts should exist 
between one pair of strips and the other , or between either pair and 
the frame . 

Ihe Oscillographs should bo calibrated with continuous 
currents and the resistances ll^ } 11 ^ A’ 4 adjusted so that one mm. 
defection corresponds to a convenient number of ampetos or 
volts, as the case may be. 

The following table gives some useful approximate data for 
the various forms of Duddell Oscillographs. 

Table VII. 




Single 

Double 

. - - 


Double High 

I’m manent 

lYiiiiaiiunt 

Double 


Fieqneiu y 
Oscillograph. 

Magnet aud 

Magnet and 

Proieetum 


l’oi table 

i’oi table 

Oscillogiaph. 



Oscillograph. 

Oscillograph. 

Resistance of Field 





Colls in buries at 





80" 0. . . 
Normal Exciting 

360 ohms 

- 

- 

<550 to 700 ohms 

Curi cut willi the 
Coils in series 

0‘28 am jii'ii’ 



0 27 ampere 

Working Tom pet ft- 



turn lor conct 





damping with the 
oil supplit d . 

25* C. to 8 r >° C. 

10* C. to 20° C. 

10* C. to 20* C 

30* C. to 35 C. 

Normal Tension on 




.strips . 

8 ozs. 

1 1 o/s. 

21 o/i. 

6 tbs. 

Pcnouic Tune (nn- 



ilam]H*d) with the 
above tension 

tchin to ndoo 

so’an to i D \, 0 

?oVio to 



bC(\ 

see. 


see. 

Nonnal Scale dis. 




tancu . 

60 urns. 

60 cam 

50 cun. 

300 cms. 



(25 ems. whi n imcd as Portable 






Sensibility with the 





above tension, 





normal exciting 
current and scale 
distance ith 

damping oil in 
instrument . 

290 mm per 

320 mm per 

200 linn per 

60 cilia, per 

Nonnal Working 

unipei e 

an i pei o 

anipcie 

ainpeie 

Cuiront in stnps 
for alternate cur- 
rent waye-fonns . 

0-05 to 0*10 

0 05 to 0-10 

0 05 to 0 ’0 

0-5 ampere 

Resistance of strips 

ainj ere 

ampere 


without fuse and 
connections . 

about 5 ohms 

about 6 ohms 


about 1 ohm 

Do. do. with one 




fuse and connec- 
tions . 

• 

about 10 ohms 

no fuses 

no fuses 

about 1'5 ohms 
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(157) Determination of the Efficiency of an 
Electro-Motor-Fan , Set. 

Introduction. — The very extensive use to which the electrically 
driven fen is put, coupled with the large number of combinations 
of different types of motors and fans in use at the present day, 
makes it dosirable to obtain some measure or gauge of the 
efficiency of such an electric fan as an air circulating device. 

From a commercial point of view, the utility of a fan can host 
be judged by knowing (1) the quantity of air, reckoned say in 
cubic feet, passed by the fan in unit time, say 1 minute; (2) tho 
power required to drive the fan to give this. Also, from a 
mechanical point of view, the speed of the fan under these 
conditions, and, as a matter of scientific interest, the pressure 
of the air thus passed. 

In order to carry out the test, it will be necessary to provide 
the fan with an air conduit for the purpose of restricting the 
current of air to a definite path. This may very simply and 
conveniently consist of a tubular casing of either circular or 
square cross section, open at both ends, and from three to four 
diameters long. The fan must just fit into one end, and any 
crevices due to loose fitting between the sides of the conduit 
and fan must be filled in air-tight, so that tho only path for the 
air is through the fan itself. 

The determination of the pressure of the draught through the 
conduit CD, but which, however, is not essential to the test, and 
merely of interest, can be determined by a special form of water 
or spirit gauge G. 

Since the pressure of the draught is very small, an ordinary 
vertical u pressuro tube would hardly indicate it, and not 
sufficiently accurately for any practical use. To measure such 
small pressures, the gauge, in the present instance, may con- 
veniently take the form of a slanting U glass tube about fa" to 
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i" bore, one limb L of which is extended and bent into the form 
shown ak L 0 , the end 0 being bent so as to face the incoming 
draught of air from the end C of the conduit. 

If now this U tube contains coloured alcohol, any slight 
pressure at 0 Avill cause a difference in level of the liquid in the 
two limbs, the vertical distance between the ends of the columns 
being a measure of the pressure at 0. Thus even though this is 
very small, the end of the liquid column in either limb may have 
moved through a considerable distance, which increases as the 
angle of slope (6) gets smaller. Hence if the tube is provided 
with a scale and calibrated, it can be made to read small fractions 
of an inch pressure of water, etc. 



A little cotton wool placed in each end of the tube helps to 
damp the motions of the liquid column caused by rapid fluctuations 
of air pressure. 

In order to obtain the volumetric discharge of air for any 
particular speed of the motor M, the velocity of the propelled 
air must be obtained by means of a rotatory anemometer placed 
in different positions in the cross section of the conduit some 
little distance from the end C, the instrument being supported 
at the end of a stout wire or rod so as not to alter the flow 
of air. From the various readings a mean may be obtained for 
the whole section. 

Now let v = mean velocity of the air in feet per minute as 
given by the anemometer, and let 8 = area of cross section of the 
conduit in square feet, then the volume of air discharged per 
unit time, i.e. number of cubic feet of air per minute = tw; this 
will vary with the speed of the motor. 
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Lot w = weight in lbs. of 1 cubic foot of air at tbo barometric 
pressure and temperature of tbo room in which the. test is 
made (see table, p. 050), then W ~ wiv — t-lio weight in lbs. of air 
discharged per minute; but the kinetic energy of a mass (?//) lbs, 
moving with a velocity v feet per second = \mv* foot-pouudals, 
and this is a measure of the work done. 

Hence the work done on the air = \niv 2 ~ y foot lbs. 


1HV wrs , ( v \' J 1 

H.P. developed ” 3 ^^I()00 = 2 x' x W X "35000- 

Apparatus. — -Motor M with its attached fan i' T to be tested ; suit- 
able conduit Cl) ; anemometer ; air pressure gauge G ; voltmeter 
V ’ ammeter A; switch K\ rheostat 1\ (p. GOO) and source of electri- 
cal supply E; speed indicator for obtaining the speed of the motor. 

Observations. —(1) Connect up as shown in Pig. 178, and 
adjust the instruments to zero if they require it. ISeo that all 
lubricating cups feed slowly and properly. 

(2) With It at its maximum, close K, and adjust the speed 
of the motor M to the lowest convenient amount, then note the 
readings of V, A, speed, anemometer, and gauge U. 

(3) Take the anemometer reading at different positions in the 
cross section of the conduit at this speed of M } and take the mean. 

(4) Kepeftt 2 and 3 for twelvo or fifteen different speeds of the 
motor, rising by about equal increments to the maximum per- 
missible, by varying the rheostat 1 { , noting simultaneously the 
loadings of all the instruments at each speed. Tabulate your 
results as follows - 


Nam i- . 


Path . . . 


Klo< Iro Mftcu : No . . Tjpo . Maker . Normal: Volts. . . Amps . . Speed .. 

Fan • No . ,, „ No of blade-. . . . 

Si-ctioiml Alfa ot CouduiU vj It Weight of 1 cubic loot of mi at, Umeof teh,* = .lbs. 


u 

5 


° 3 

5 g 

o p. 

% 2 
2.® 



lioise Fottl'I 


0^3 

Sip 

fl 2d 

s 

Pressure of 
Draught .n mcl 

1^5 

£ 

u 

2 

o 

p 

a 

< 

absorbed 

* 

■g II 

2. ft 

O « H 
4>»' X 
> * | sm 

0 

1 p § 

e* II 
w 

i 
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(5) Plot fcho following curvos on the same curve sheet having 
(a) the speed in revolutions per minute of the motor, ( b ) H.P. 
absorbed by the motor as abscissa), with tho volume of air dis- 
charged per minute as ordinates in each case; also between 
(a) as abscissa) with ( c ) tho mean velocity of the air draught 
as given by the anemometer, (d) the H.P. absorbed in the 
transference of air as ordinates in each case ; lastly, between 
efficiency as ordinates and speed as abscissa). 

(158) Determination of the Commercial Effi- 
ciency of a Gas Engine-Dynamo Gener- 
ating Set. 

Introduction. — It is most desirable that any generating unit 
such as the above should be tested at various loads or electrical 
outputs in order that the best running conditions may be 
discovered and the performance generally of the unit observed. 

This is dono by “ indicating ” the engine at the various 
electrical load outputs desired, and so finding the relation between 
tho total power exerted on the piston of tho ongiue, commonly 
termed its indicated horse-power (J.II.P.), and tho corresponding 
powor utilized or developed by the generator in tho external 

circuit, which may be reckoned in or electrical horse-power 

(E.H.P.). 

1 I 11 order that tho cost of running at any given electrical 

output per hour (say) may he determined, it will bo necessary 
to measure the volume of yas used in the engine, which can 
usually bo done easily enough, as nearly all gas engines are 
provided with separate gas-meters on the inlet pipe of the engine. 
Should, however, this not be the case, tho test must be made 
when all gas-jets are out and the readings on tho main meter 
recorded. 

Tho jacket wafer , or volume of cooling wator passed through 
the water jacket of the cylinder of tho engine, should bo measured, 
and this can best be done by a water-meter inserted in the inlet 
water-pipe. If such a meter is not available, a fairly large tank 
can be used £the volume of which can be calculated) to supply the 

H H 
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water jacket, then the timo taken to empty the calculated known 
volume of water will enable us to got what is require^ If the 
temperaturo of tho inlet and outlet water of the jackot is taken, 
the heat removed from the cylinder in thermal "units can at once 
be deduced, knowing the volume of water passed in a given time. 

The engine must bo provided with a stop-cock in communica- 
tion with tho interior of tho cylinder, and into the outer end of 
which the nipple of the indicator is screwed. This indicator may 
be of the Richards’ type, and, if the gas engino is running at a 
high speed, the indicator should bo a high speed one. If the 
diagrams taken by this indicator in such cases are not shortened, 
a stronger drum-spring will bo needed to get over tho effects of 
inortia in the drum which carries tho card. 

If the engine has an ordinary double (Otto) cycle and gets the 
maximum number of explosions possible, which would occur 
when it is running at or near full load, then the speed in revolu- 
tions per min. -r 2 will give tho number of explosions per min. 
If, however, the gas engine is running on light loads it will 
“miss” an explosion frequently, in which case, since the number 
of such per min. is a factor of the I.H.P., they must be counted 
separately, either mentally or automatically by an attachment 
or counter actuated by tho inlet gas- valve lover. 

Furthermore, in order to obtain the total cost of electrical energy 
delivered at the switch-board, we must know the amount of oil, 
cotton waste, wages, and interest on depreciation and first cost of 
tho plant for the period over which the run extends ; these items, 
however, pertain merely to what we may term the economic 
efficiency of the plant. 

The electrical power developed by the dynamo can bo taken up 
either in the apparatus on the circuit to be supplied, or in 
suitably dosigned water rheostats having ample plate area to 
avoid variations in tho output. This may take the fprm of a 
rectangular water-tight wooden trough, having a fixed zinc, iron, 
or copper plate at ono end, connected to one terminal of the 
dynamo, and a similar movable plate, capable of being moved to a 
considerable distance from the fixed plate, thus enabling the 
current output to be varied ; this plate is perforce connected to 
the other terminal of the generator. 

The mean effective pressure P in lbs. per sq. in. during the 
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explosion, which is required in the calculations, is calculated, 
from the«indicator diagrams taken, in the manner described on 
pp. 471 and 530. ^ 

Note. — The effective area of each plate of the water rheostat 
should be something like 4 — 9 sq. ft. for currents of about 500 


' Apparatus. — Gas enginedynamo sot D to ho tested, of which 
the gas engine is not shown ; indicator (p 531) and reciprocating 
levor gear for rotating tho 


card drum j tachometer 
voltmeter V\ ammoter A; 
trough rheostat T for ab- 
sorbing the electrical output 
from J). 

In addition a “cut-out” 
and switch are desirable in 
the main circuit, and a water- 
meter with necessary separate gas-melor for tho engine. 

Observations. — (1) Connect up tho electrical circuit as in 
Fig. 179, ahd adjust all instruments to zero. Fill jPwith water in 
which a few handfuls of washing soda have been dissolved and 
set the plates at the extremities of the rheostat, 
i N.B. — Tho plates may be provided with massive terminals for 
connection to tho main leads, otherwise the ends of theso latter 



should be spread out, fan-wise, and soldered to tho plates. 

• (2) Measure approximately how much oil is required to fill all 
lubricators in use, which must be set to feed properly just before 
starting the trial. 

Insert the most suitable spring in the indicator and a card on 
the drum, then screw the indicator to the cylinder cock and 
connect to the reciprocating gear. 

(3) Start the “set” up to its normal speed and tako an 
indicator diagram from tho engine with D on open circuit. 

(4) At a noted instant simultaneously read all the instruments 
and meters, then quickly switch on and adjust A to full load and 
take an “ engine card ” again. 

* Note. — At least four observers will be required for the 
trial. 

(5) Simultaneously read all the appliances every twenty minutes 
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throughout the trial, which should last at least three hours, 
taking a “ card ” at each. 

(G) Repeat 2—5 for \ full load on D if possible, and tabulato 
your results as follows — 

Name . . . Date . . , 

Gas Engine: No ... Makers ... Tjpe . . . Normal speed = . . . levs per min. 

I’laton : Aiea(u) = . . . Bq. inches, Stioke(Z)= . . . feet. 

Dynamo : No. . . . Makers ... Tjpe . . . Normal : Volts = . . . Amps. = . . . Speed = . . . 

/ f K II P 3 A 1 . 

Indicator : No . . . Tj pe . . . Scale of Spring used . . . Mean j _ “ * } PJ 1 ® 


Time 

Output from 
Dj iiumo. 

Gas Engine. 

g cm lal 
- B B 
oBh 

& S 

! 1 

0 ■ 

W 

Gas 

Water. 

l.H.P. calculated 

from cards ‘ ■ 
3SO0O 

of observations. 

in Eli mis from 
Start. 

0 

ct 

9 

U|<£> 

'Niff 

II 

CM 

B 

w 

Explosions per 
unn. (»). 

Meter reading. 

Total Vol. used 
in tnal. 

Cubic foot 
per mean. 

| Meter reading. 

'O 

p ^ 

0 

H 

Gallons 

per 

mean. 

pm’ 

W 

Pm* 

B 

H 

Pm 

B 

PM 

ri 

W 

L 



1 



_ 









Inferences. — What inferences can be deduced from the results 
of the trial 1 ' 

Calculate the total cost per E.H.P. hour delivered at the 
switch-hoards, taking the approximate average costs of the various 
factors. 


(159) Determination of the Commercial Effi- 
ciency of a Steam Engine - Dynamo 
Generating Set. 

Introduction. — We have already described in detail the usual 
methods of determining the efficiency of both direct and alternat- 
ing current generators without reference to any prime mover 
such as a steam, gas, or oil engine. Tho common practice, how- „ 
ever, at the present day, of employing “ direct coupled nets " in 
central stations, consisting of the generator placed on, and fixed 
to, the same bed-plate as the engine and coupled direct to it, 
makes the test of the performance of such a combined generating 
set one of extreme importance. 

This practice has resulted from the endeavours of central 
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station engineers to curtail tlio amount of floor area required for 
a given station and to avoid the loss of power and trouble in- 
separable from driving by belts and ropes. In order to determine 
the combined efficiency of a generating unit, whether direct 
coupled or otborwi.se, we require to measure the useful or nett 
electrical output, which can be done with the aid of an ammeter, 
voltmeter, and ono or more suitable rheostats in the manner 
described in tho earlier pages of this book. 

In addition we must know tho gross or total H.P. exerted by 
tho piston of tho engino, usually termed the Indicated H.P. 
This can bo determined by aid of the engine indicator, for the 
detailed theory of which the reader is referred to special “ works ” 
dealing with such indicators almost entirely. There are, however, 
some important details connected with tho use in general of tho 
various forms of these instruments, which may with advantage 
he mentioned hero, but otherwise it will bo assumed that tho 
theory, construction and action of tho engino indicator is 
understood. 

Relation between length of indicator diagram and engine speed . — 
It must be carefully remembered that as tho paper drum of tho 
indicator is rotated by a reciprocating motion from the piston or 
.cross-head of tho engino, its inertia at tho higher speeds may in- 
troduce errors in tho diagram; in other words, its motion may 
continue, from this causo, beyond what actually represents the 
truo driving motion. To minimizo such an error the angular 
motion of tho drum must be reduced, and consequently a shorter 
diagram obtained as the speed increases, in order to insure a true 
and properly proportioned diagram. 

In this connection it may bo noted that for speeds up to 200 
revs, per min. tho driving of tho drum should bo so arranged that 
its angular motion gives a diagram about 4-J" long, and this 
should be made to diminish almost inversely proportional to the 
increase of speod. Since in addition increase of speed will require 
a stronger piston spring, the height and length of diagram will 
decrease in about the same proportion for increaso of speed, thus 
giving a properly proportioned and accurate diagram. 

Gearing of Engine Indicators . — In order that an accurate 
diagram may be obtained it is all-important that the reducing- 
gear for driving the drum should reduce the piston motion in 
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exactly the same proportion at any and every part of the stroke. 
For such gears the reader is referred to works dealing' with the 
subject of engine indicators. In the use of the indicator great 
care should be taken to keep it froo from all dust and well oiled 
with Watch oil, as the least friction in the cylinder or multiplying 
levers may cause a distortion of the diagram, the boiler prossure 
and engine speed will determine what strength of spring is to be 
usod in the cylinder, and the lightor this is, tho higher the 
diagram and the more accurato the measurement, providing 
inertia effects are absent. 

Tho engino piston must of course never be allowed to close the 
outlet pipe between the engine and indicator cylinders, hence the 
latter should be screwed on to a cock at the end of the engine 
q cylinder. For accurate 

I work diagrams must be 
;? I | taken at both ends of 
the cylinder. Fig. 180 
represents the approxi- 
mate shape of a dia- 
gram which would be 
taken from an ordin- 
ary non-condensing en- 
gine. The indicator is 
first made to draw the 
straight line O' A!, done 
by putting both sides 
of its piston in communication with tho atmosphere by opening 
the stop-cock so as to cut off all steam from tho cylinder of the 
engine and allow the air to enter underneath the indicator-piston. 
The pressure both sides of this latter will thus be the same and 
equal to that of the atmosphere, consequently if tho pencil be 
lightly pressed against the moving card, the horizontal straight 
lino O' A', termed the atmospheric line, will be described. OA is 
the absolute zero line , parallel to O' A', and drawn below it at a 
distance representing, to the scalo of tho diagram, the atmo- 
spheric pressure at the time of the test. 

In Fig. 180 is the point of admission of steam to the engine r 
cylinder, D the point at which the slide-valve begins to close, E 
the point at which it is quite closed. From E to .Fthe admitted 
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steam is expanding, and at F the release begins, being completed 
at G. Tho exhaust .valve begins to shut at 11 and is quite shut 
at /, the steam still loft in the cylinder being compressed between 
I and B. The rounded corners, such as J)F and FG , show the 
slow acting of the steam valves in closing and opening the steam 
ports, which is called wire drawing. In the ideal engine these 
rounded corners would become sharp ones. 

Determination of I rf H.P. from the diagram. — Referring to the 
diagram, Fig. 180, the horizontal distance between tho extreme 
points of the diagram, i. e. between tho veitical lines ./ftfand BG t 
represents tho stroke of the engine piston in feet. The ordinates 
of the diagram perpendicular to the atmospheric lino O' A' repre- 
sent to the scale of tho indicator spring used the pressures of the 
steam in lbs. per []". 

If the scale of the indicator spring used in taking the diagram 
= each inch of the ordinates represents 30 lbs. pressure per 
square inch, consequently each square inch of the diagram repre- 
sents yf = 2jft. lbs. The whole area of the diagram will therefore 
represent tho indicated work in ft. lbs. por square inch of engine- 
piston, done on ono si do of it, during one stroke. Since the 
pressure exerted by tho steam on the piston varies at different 
parts of the stroke, we must know the mean effective pressure for 
the complete stroke. This is found by dioiding the area of the 
diagram by the base line, both being reckoned in inch units. The 
result is tho value of the mean ordinate of the diagram or mean 
effective Pressure (I* m ) in lbs. por square inch of piston area. 

Henco if L = length of stroke in feet, A = piston area in square 
inches, and N = number of revs, per min. which the engine is 

,. TTI p 2 F m LAN 

making, then the J.ll.P. = — 33000 — 


Apparatus.— Generating set to bo tested; engine indicator 
(p. 531); speed indicator; planimetor (p. 528); ammeter; volt- 
meter; rheostat for absorbing the load from the generator (p. 467), 
and a switch. 

Observations.— (1) Connect the ammeter, rheostat and switch 
in series with one another and with the generator, also the volt- 
meter across the terminals of the machine, and open the switch. 

(2) Disconnect the generator and engine and start the latter, 
running alope for some little time before making a test. Prepare 
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the engine indicator by first seeing that all the parts aro quite 
clean, well oiled, and work practically frietionlossly. Insert the 
right spring in the cylinder suitable for the boiler jjressure and 
engine speed to bo used, and note its “ scale ” for future reference. 

(3) ll’ow off steam at tbo cock which is to carry the indicator 
for a second or two so as to clear away superfluous water and 
dirt. Now screw the indicator to it. Place a card on the drum, 
and make suro the cord which is to actuate tho drum will bo 
attached to the proper point on tho reducing gear so as to give a 
suitable length of diagram for the speed of the engine. 

(4) Turn the cock so as to admit air under the indicator piston, 
cutting oil all steam. Then hook on tho cord so as to rotate the 
drum and draw the “ atmospheric line” Then turn the cock so 
as to communicate with the engine cylinder and take a full 
diagram, noting simultaneously the speed of tho engine, and in 
addition which end of the cylinder tho diagram is taken from. 

(5) Cut off the steam by the cock, unhook the cord, and quickly 
repeat 3 and 4 at the other end of tho cylinder of the engine. 
This interchange should be repeated two or three times so that 
an average may bo obtained, for the constant speed, when 
working out the results. 

(G) Now run the generator by tbe engine, absorbing J, |, and 
full load successively in tho rheostat, repeating 3-5 at each 
load for the same speed, both load and spoed being maintained 
constant during the time required for taking the readings. Note 
the volts and amperes at each load, and tabulate your observations 
as follows — 

Name . . . Date . , . 

Engine : No. . . . Type . . . Makoi . . . Nonnal I II P. » . . . Speed = . . . Prossuroa. , 
Dynamo : No . . . „ . . . „ ... „ Volts «= . . . Amps. =* . . . Speed= . . . 

Beale of Indicator Spring usod = . . . Type of Indicator . . . No. = . . , 

Length of Kngino Stroke (£) = . . . foot. Area of Piston (A) = . . . sq. im. 


Condition tinder -which 
the test is made. 

Diagram. 

o 

> 

p. 

6 

H.P. developed 

H-i&. 

74d 

Combined Efficiency 

S “ IHP 

End of Cylinder 
from which 
Diagram taken. 

Speed of Engine 

<*V) 

Revs, per min. 

Mean Effective 
Pressure P m 
lbs. per □ 

II 

to 

hV 

HI § 
•dS 3 

j 1 




! 


1 
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Note. — Tho valuo of P m in the above table is the mean of the 
mentis of the worked-out results for tho two ends of tho cylinder 
of a single cylinder engine. Xu the case of a compound or triple 
expansion engine, the I.ILP. can be found from the diagram taken 
from either cylinder as follows — 

Sum the products of A and F m for each cylinder (P m being 
given by tho diagram for that cylinder found in the usual way) 
and divide by tho 4 for that cylinder from which the particular 
diagram under consideration was taken. Thus if A 2 = piston 
area in sq. ins. of, say, the “ intermediate cylinder ” of a triple 
expansion engine, tho mean offectivo pressure to be used in tho 

formula, say P m ' ~ ~ ™ ^ where 5 indicates the sum of the pro* 
A 2 

ducts for the II.P. intermediate and L.P. cylinders. 

3’he value of the mean effective pressure as obtained from any 
particular indicator diagram can bo obtained by the aid of the 
planimeter, tho use of which in measuring the area of tho diagram 
is described on p. 030. 

General Observations on Jointing 
Electric Lighting Cables. 

Good and reliable joints both in core and insulation can only be 
made with practice, care, and attention to the following essential 
details: — All joints in conductors must be as mechanically and 
electrically perfect as possible, for they are in most cases a source 
of weakness in an installation. 

The Joint. — That of tho metallic core should have a conductivity 
not less than that of an equal length of tho ordinary core, if 
possible, and to obtain this care must bo taken not to nick the 
copper cores of the cables to bo jointed either with the paring 
knife or pliers, which not only reduces the conductivity, but 
causes tho wire of the strand so nicked to break off at once if 
bent at that point. Before making the joint, all the wires must 
be straight and thoroughly cleaned with lino emery cloth, care 
being taken not to remove the tinning of already tinned wires. 
The cleaned wires may preferably be re-tinned with the soldering- 
iron, and must be handled as little as possible, even with clean 
hands. , 
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No joint will ever solder properly unless it is quite clean 
throughout, and in a hot , clean , and well-tinned soldering-iron. 

The Soldering-Irons. — These must bo properly grooved to take 
the size of joint to be soldered, and should never be allowed to 
get too hr i and “ burn.” This always gives rise to an excessive 
lurid green flame, and is not only injurious to the “copper bit/' 
but burns all the tinning off them, thoroby giving extra labour 
and wasting time in re-tinning. Irons may bp cleaned with either 
sal-ammoniac, emery cloth, or carefully with a snitablo file. Salts 
or soldering fluid may be used as a flux in tinning them. Irons 
should be well tinned , and hot enough when used to be unbearable 
when placed about 1 from the cheek. They should be wiped 
when taken out of the stove before applying to the joint. Quick 
soldmng is essential, as continued application of heat seriously 
weakens copper wire and makes it brittle. Too groat a heat 
causes solder to “ rob ” and become useless. 

Solder. — Tliis should bo in thin sticks, 'and should contain 
enough tin to enable one to hear it crinkle when bont double 
close to tho ear. 

Flux. — Nothing but resin (applied in tho lump) should be used 
in soldering copper joints. All liquid fluxes and other substances 
containing corrosive ingredients should be avoided if the joint is 
required to remain unimpaired with time. 

Insulation. — Great care should be taken to make the insulation 
of the joint as nearly as possible equal to that of tho rest of the 
cable. In rubber-insulated cables tho braiding or taping is 
removed from the rubber without nicking it, and tho pure I, -It. 
strip wound with laj) winding over the joint and tapered ends of 
the rubber thus bared. I. -It. solution is now rubbed over the 
joint, but must never touch the bare joint. The taping should be 
done tightly, and be quite solid when completed. 


(160) Detailed Instructions for Jointing 
Electric Light Cables. 

Introduction. — For successful and efficient jointing the follow- 
ing remarks must be rigidly adhered to — 

(1) In haring any wire or cable preparatory to making a joint, 
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great care must be taken not to nick any one or more of the copper m 
wires forming the core, which would not only cause tho wire so 
nicked to broak off on bending it once or twice, but would also 
diminish the sectional area of the cable and so also its current 
carrying capacity. 

(2) In cleaning tho copper wires of tho core fine emery cloth 
must bo used and all dirt removed, but as little as possible (if 
any) of the original. tinning. 

(3) Just sujficient and no more cablo must be bared as will 
make a satisfactory joint, considerations of the cost of insulating 
materials, and particularly of the ultimate insulation resistance 
of the joint, making it imperative to keep the dimensions of the 
joint, in the matter of length, a minimum. 

(4) Cleanliness is of vital importance in the actual winding or 
making of the joint, and a few extra seconds spent in insuring 
this will almost invariably save many minutes, much solder and 
soldering flux in the end, and even possibly tho necessity for a 
second attempt at the wholo joint. 

(5) A badly made joint, or a badly insulated one, is a source of 
considerable danger in an electric light installation. 

(6) Too much attention cannot be paid to the soldoring irons, 
as it is perfectly hopeless to attempt to solder a joint with — a 
dirty iron, badly tinned iron, or a soldoring iron that is not hot 
enough. 

Course in Jointing Electric Light Wires, Cables, and 
Mains. 

Tho following series of joints constitute a course in the actual 
practice of “ jointing making " which the author instituted in his 
department at The University, Leeds. They comprise practically 
all the principal distinctive typos of joints commonly met within 
practice, arid which might be required to be mado by any ordinary 
wireman — • 

No. 

1 Twist-Joint between two No. 18 S.W.O. insulated E.L. wires. 

2 i, ,, ii n No* 14 ,, i, i) it 

JfT* ii of a No. 18 on to a No. 14 „ ,, „ „ 

4 T- „ of a No. 14 on to a No. 7/18 „ „ „ cable. 

5 Britannia-Joint between two No. 10 S.W.O. bare copper wires. 

6 Scarf- • ,, ,, „ No. 6 „ „ „ „ 
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No. 

' 7 Twist-Joint between two 

No. 7/18 S.W.G. insulated E.L. cable?. 
No. 7/18 „ „ „ ,, 

8 T- „ „ „ 

9 Twist- ,, ,, ,, 

No. 7/11 „ „ „ „ 

io T- „ „ „ 

No. 7/14 „ „ , „ 

11 Twist- ,, 

No 19/16 „ 

12 T , „ „ 

No. 19/1 0 „ 

13 Twist- ,, ,, ,, 

No. 37/16 „ 

14 T- 

No. 37/16 „ 

No. 7/16 S.W.G. insulated load-covered 

15 Twist- „ 

16 T* „ „ „ 

E.L. cables. 

No. 7/16 S.W.G. ‘insulated lead-covered 

17 Twist- ,, 

E.L. cables. 

No. 16 S.W.G. insulated gutta-percha* 

18 T- „ „ „ 

covered wires. 

No. 16 S.W.G. insulated gutta-pcrcha- 

19 Twist- „ „ ,, 

covercd wires. 

No. 19/16 and a No. 7/18 S.W.G. insulated 

20 Slanting T-Joint botween two 

clectiic light cables. 

No. 19/16 S.W.G. insulated electric light 

cables. 

21 Twist-Joint on a largo concentiic lead-covered electric light main. 


Note.— N o. 5 is a joint used for aerial telegraph and telephone lines. Nos. 
17 and 18 are joints used for telegraph woik principally. 


Twist-Joints Nos. 1 and 2. 

To prepare. — Carofully baro, with a sharp knife, about 1| 
inches of the ends of the two wiros to ho jointed. This must not 
bo done by a cut perpendicular to the wire, but by a short slicing 
motion round the wire, when the piece of insulation will in most 
cases como off whole with a suitable pull. 

Clean each bared wire with lino emery cloth, straighten and 
place them across each other, then lightly gripping them at the 
crossing point with a pair of pliers, bend one free end round the 
other wire. Do this with tlio other end and finally straighten 
and trim the ends up close, so that they do not project outwards, 
as thoy are then liable to pierce the insulation. 

To solder. — Place tho joint in a well-tinned groovo of the iron 
containing solder, then when hot just touch with a lump of resin 
and draw a thin stick of solder over the joint. This usually 
suffices, but if not, repeat the operation, using very littlo rosin. 
The soldered joint must leave the iron quite bright and without 
any globules of soldor hanging to the underside of it. The 
soldered joint should appear as in Fig. 181, 

To insulate. — When cool, taper tho ends of the insu^ition, and 
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starting from over the rubber of the wire, wind the joint over 
with a, spiral half overlap of puro I. It. strip (para tape) to tho 
other end, gently strotehing the tape all tho time so as to obtain 
a firm (not spongy) layer of I.lt., which, since it is wound in half 



l<'io. 181 . 


overlap, constitutes a double layer. Apply 1. 11. solution to the 
outside of this I. II. lapping (on no account next to tho. copper 
joint) and rub evenly all over tho lapping with the finger. 
Next, when tho spirit has evaporated out of tho rubber solu- 
tion, wind on a similar layer of black preparod rubber tape, 
overlapping the outer insulation of tho wire at each end, and 
sealing tho ends down with solution. Lastly, paint tho outside 
of tho joint with black waterproof varnish and allow it to dry. 


T-Joints Nos. 3 and 4. 

To prepare.— -Carefully bare about 1 £ to U inches of the wire 
to be tapped (tho larger of tho two) and clean with fine emory 
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cloth. Bare about 1J of the end of the other wire, clean and 
straighten, then placing this across the other wire twist it round 
two or three times to produce the joint shown in Fig. 182, and trim 
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the end so that it does not projoct to any extent. Solder in the 
manner described for joints 1 and 2. , 

To insulate.— Proceed as in these last-named joints, but on 
arriving at tho T with each serving, carefully branch off down it 
and back, stretching the tapes more tightly to allow for increased 
thickness of insulation; finally, continue along the remaining 
straight portion of the cable, and varnishing over tho last layer 
of tape. Considerable care is required in insulating a T-joint, as 
it is more difficult to get round tho corners (i. e. angles) of the 
T with the tapes, and these parts therefore are most liable to 
imperfect insulation. 

Britannia- Joint No. 5. 

To prepare.— Gently straighten the ends of tho wires to be 
jointed by lightly tapping them with a mallet on the anvil. 
Clean each with line emery cloth, tin them both for a distance of 
about 2 inches from the end, and bend sharply round tho tips of 
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their ends. Next place them together with tho bont ends point- 
ing in opposite, directions, and with an overlap of about 2 " ; then 
bind them together with about No. 20 tinned copper binding wire 
as shown in Fig. 1 83. Trim off tho ends of this wire, and solder the 
whole into one solid mass as described in joints Nos. 1 and 2. 

Scarf-Joint No. 6. 

To prepare. — Gently straighten the ends of the wires to be 
jointed by lightly tapping them with a mallet on the anvil. 
Clean each for a distanco of about 1 inch from their ends with 
emery cloth. 







Fra. 181. 

Next scarf them with a fiat file as shown in Fig. 184, so that 
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they taper to thia edges and fit. Then tin them both, wiping off 
nearly *pll the superfluous solder by a clean cloth. Now warm 
the ends up, and when the surface solder on the scarfed portions 
is melted, placo them together to form a continuous wire and 


=■ 
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allow to cool. Bind the joint with No. 18 or 20 tinned copper 
wire for about from the centre each way as in Fig. 185. 
Lastly, trim the ends of tho wire and solder into one solid mass, 
care being taken to just keep tho scarfed ends in gentle contact 
while soldering and until set. 


Twist-Joints Nos. 7 and 9. 

To prepare. — Carefully bare about 4" of tho two ends to bo 
jointed with a sharp knife and a slicing motion (not a cutting one 
perpendicular to tho cable). 
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Separate out oach wire and clean them all with fine emery 
cloth carefully, so as not to remove any tinning if possible. 
Straighton each, cutting off half the centre wire of each cable, 
and then re-twist the outer six up to the end of the centre wire 
with about tho same pitch as the rest of the cable itself in both 
cases, arranging them so that tho six free straight ends form a 
cone with its apex at the end of the centre wire. 

Now push the cones together, so that the six wires of each 
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interlace alternately, and their apexes touch as shown in Fig. 186, 
i. e. the two middle wires butt against each otlior. New press 
down the left-hand set on to the cable, and hold tightly in the 
hand. Then wind with tho other hand the remaining six wires 
of tho o+her cable, one by one, by, say, half a turn at a time, and 
evenly to, say, 1 or 1 J inches from tho centre, snipping off each 
what is not wanted, and trimming the ends so as not to project 
outwards. Repeat theso operations with the otlior half, and 
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finally trim the centre also by pressing with the pliers, but not 
scraping the cable in so doing. 

N.B. — Tho joint may then appear like Fig. 187 or 1 88, preferably 
the latter, which makes tho neater joint and is, as seen, wound 
in the same sense as the main cablo. 

* To solder. — Place in tho well-tinnod groovo of a fairly large 
soldering iron and run in somo solder around it, then when quito 
hot just touch the joint for merely an instant with a lump of 
• 
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resin, and draw a stick of solder over tho joint. This, as a rule, 
will suffice to cause the whole joint to becomo tinned ; if it does 
not, repeat. When properly tinned the joint should leave the 
iron in a bright state, and with no globules of solder hanging to 
the underside of it, and should be one solid mass. 

To insulate. — When cool taper the ends of the insulation, and 
starting over the rubber of tho cable, wind on spirally with a half 
overlap two layers of pure I.R. tape in opposite directions and 
with enough tension to make the insulation firm and solid. Tho 
end of this tape is fixed down by I.R. solution, which is also 
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applied to the outside of the rubber-taping all over tho joint by 
means of the finger. When the spirit has evaporated repeat 
the above winding process with two layers of black prepared 
rubber tape overlapping the outer braiding of the cable. Lastly, 
varnish tho joint all ovor with black waterproof varnish and 
allow it to dry. 

T-Joints Nos. 8 and 10. 

To prepare. — Carefully bare about 2|" to 3" of the cable to 
be tapped. Clean the outside of the stranded core with fine 
emery cloth and re-tin well. 



Fio. 189. 


Next carefully bare about 3" of the end of the other cable, 
separate out all tho wires, clean each with fine emery cloth, 
straighten and re-twist them up to about from the end of the 
insulation in a slightly sharper twist than the ordinary cable. 
Now spread the 7 wires out to form a V, tlie apex of which is 
at from the insulation, 4 wires being one side and 3 the other. 

Next press the other cable into the V as shown in Fig. 189, 
then, holding the two tightly together, wind one by one the 4 
wires round in one direction, and the 3 in the opposite direction 
to, say, f" either side of the centre. Clip off what is not wanted 

II 
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of each wire, and trim so as to not project outwards, when tho 
joint should be as in Fig. 190. , 

To solder.- Repeat the operation described for joints 7 and 9. 
To insulate. — Repeat the operation described for joints 7 



and 9, except that when tho T is reached, wrap carefully round 
tho angles, down the T and back, stretching" the tapes tighter 
here to allow for tho extra lapping this part will receive, then 
finish off the joint as in 7 and 9 above. 

Twist- Joint No. 11. 

To prepare. — Carefully bare about 4£" of the two ends to bo 
jointed, and separate out tho outer layer of 12 wires, clean them 
with fine emery cloth and straighten. Without unwinding the 
inner 7 solder them into a solid mass and cut half off in both 
cables alike. Now re-twist the outer 12 up to the oud of tho 
inner 7 with about the same pitch as tho ordinary cable, and 
arrange them to form a cono with the apex at the end of the 
inner 7. Then pushing the two cones together and interlacing 
alternately, proceed to finish exactly as in joints 7 and 9. 

T-Joint No. 12. 

To prepare. — Carefully bare about 3" of the cable to be tapped, 
clean the outside of the stranded core with fine emery cloth, and 
re-tin it well, 
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Next carefully bare about 3£" of the end of tho other cable. 
Separate,out each wire, clean with fine emery cloth, and straighten. 
Next re-twist both inner and outer sets up to about J" from the 
insulation with a slightly sharper pitch than the ordinary cable, 
then carefully spread out all the wires in the best possible manner 
to form a V with 10 one side and 9 tho other. Lastly, press the 
other cable into this V, and finish tho joint precisely as in Nos. 
8 and 14. 

Twist- Joint No. 13. 

To prepare. — Carefully haro about 5£"of the ends of the cables 
to be jointed, unwinding the outermost layer of 18 wires, and 
proceed precisely as in No. 11, except that half the inner 19 
must now bo cut off after soldering them together. 

T-Joint No. If. 

To prepare. — Carefully bare about 4J" to 5" of tho cable to be 
tapped and about of tho end of the other, and proceed exactly 
as set forth for joint 12, excepting that the V will now have 19 
wires on one sid If} and 18 the other. Finish it off as there 
indicated. 

Twist- Joint No. 15. 

To prepare. — Carefully cut the lead sheathing away, without 
in any way nicking tho cuppor coro of the cable, for about 4” of 
the ends of the cables to be jointed. Next slip on to one cable, 
to some little distanco from the joint to bo mado so as to be out 
of the way, a lead sleeve consisting of a length of lead piping, a 
little larger than the size of tho lead-covered cable and some 2" 
longer than tho finished joint will bo. Then proceed to make tho 
joint and insulate it precisely as in Nos. 7 and 9, taking extra 
care to get the insulating tapes on tightly and efficiently. Now 
slip back tho loose sleevo over tho joint and either carefully 
“solder” or “ solder- wipe ” the ends, thus completely sealing in 
tho cable. 

Note. — If lead piping to tho right size is not available, a sleeve 
maybe cut out of lead sheet, bent round the joint and finally 
sealed along the edgo ; this, however, does not make so neat a 
joint as that with the pipe. 
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T-Joint No. 16. 

To prepare. — Carefully cut away about 4" of tlio lead sheath- 
ing of the cable to be tapped, great pains being taken to avoid 
nicking the copper core. Next remove about 3V' of the lead 
sheathing from the end of the other cablo and slip over this 
latter a short sleeve of lead piping slightly larger than the 
ordinary lead- covered cable, and of sufficient length to cover the 
insulation of the joint and ovorlap the end oi it. Now make and 
insulate the joint precisely as described in Nos. 8 and 10 and slip 
back the small sleeve over tho insulation; also cut out a piece of 
sheet lead to form a sleevo over the rest of the joint, its ends 
overlapping those of the lead covering on the cable by about 1* ; 
lastly, train and trim these lead coverings to fit closely, and solder 
or solder-wipe the seams to make a neat water-tight joint. 

Twist- Joint No. 17. 

Prepare and make the joint precisely as in Nos. 1 and 2, when 
it will have the appearance shown in Pig. 191 , and it may prefer- 
ably be kept as short as possible in order to facilitate insulating it. 

To insulate. — Warm up the G.P. covering on either side of the 
joint, then work and draw down with moistened fingers that on 
one side half-way over the joint as in Fig. 192, and next that on 
the other side, giving the form shown in Fig. 193 ; work the two 
draw-downs together and sear all the joint with a hot searing 
iron. /| 

Wrap a strip of G.P. well warmed over a flame round tho centre 
of the draw-down as in Figs. 194 and 195; now work 'this roll 
both ways with moistened fingers until it is uniformly distributed 
over the joint as seen in Fig. 196, finally smoothing all over with 
a searing iron, and lastly with wetted fingers so as to leave the 
whole joint quite smooth. 

T-Joint No. 18. 

Prepare and make the joint precisely as in Nos. 3 and 4, 
keeping its dimensions small. 

Insulate in a somewhat similar manner as in No. 17, working 
the three branch G.P. coverings into each other at the T. Warm 
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narrow G.P. strip must now be wrapped round the T, first one 
way and* then the other, and drawn down in the three directions 
so as to leave a clean, smooth, insulated joint. 







Figs. 191— 196. 

Twist-Joint No. 19. 

This joint is made in precisely the same way as No. 11, and is 
insulated in Jlio samo manner, and is shown in Pig. 197. 
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Slanting T-Joint No. 20. 

The cable to be tapped is prepared exactly as in No. 12, the 
other cable having its inner seven wires soldered together, cut 
half off °nd scarfed to the dosired angle or slant. The remaining 
twelve wires are then wound as before in opposite directions, six 
one way and six the other, round the othor cable, giving the joint 
shown in Fig. 198. The scarf should butt up against the tapped 
cable and be solderod to it in the final sweating. 



Fin. 107. 


Straight Concentric- Joint No. 21. 

Wo will assume that the cable or main is a 37-strandcd, lead- 
covered and armoured one, the gaugo being any one of the usual 
sizes in practice. Treat each of tho two ends to be jointed as 
follows : — Unwrap the outer serving of yarn or hemp for a 
distance of something like 13 inclios from the end, but do not cut 
it off. Next unwrap the strip armouring for about the same, or 
a slightly less (listanco, say 11 or 12 inches, without cutting it off. 
Then unwrap the inner serving of yarn, which separates the 
armour and lead sheathing, for some 10 inches, without cutting it 
off. 

Now remove the lead sheathing for about 9 inches altogether. 

Joint in Inner Main. — Carefully bare the outer conductors 
for about 7 inches from the end with a sharp knifo. Spread 
out and clean them each with fine emery cloth and straighten, 
leaving them outspread. Next bare, carefully, the inner 
conductors for about 5 inches. Spread out and clean each 
conductor with fine emery cloth and straighten each. Ke-twist 
up the innermost 19 as they were originally, and cut J of this 
inner 19 strand off. Bemovo any jugged edges and solder so as 
to form them into a solid mass. 

Each main will now appear as in Fig. 199, except that the 
unwrapped ends of the yarn and armouring are not shown. 
Now cut off § of every alternate wire immediately, surrounding 
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the inner 19, and bringing the two ends of the cables thus 
prepared together, so that the inner 1 9’s butt up to each other. 
Interlace these outer wires so that tbo respective pairs also butt 
though alternately on either side of the centre. Then bind this 



Fig. 198. 


first joint of the inner cable with four strips of tinned copper 
binding wire, each of some ten turns, and the strips equally 
spaced over the joint, so that the three sets of butts come in 
between the four strips of binding wire. Lastly, by means of two 



Fin. 199. 


ladles, keep pouring melted solder over the joint, catching it in 
the ladle held underneath and using it over again and again 
until the joint takes the solder and becomes tinned and soldered 
into a solid mass. Fine powdered resin must be used as a flux in 
just sufficient quantity. 
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, When cool enough, taper the end of the first insulating cover- 
ing, when the joint should thon present the form showp in Fig. 
200. Now wrap on tightly in the usual way, first pure rubber 
strip, with the application of rubber solution between layers, and 
then prepared tape up to a thickness slightly exceeding the 
other insulation. 

Joint in Outer Main.— Wrap a shoot or sleeve of copper plate 
which has been previously cleaned on the outside carefully with 
emery cloth, and which is of such a thickness as to be comfortably 
pliable. This sleeve must bo the length of the outer conductors, 
and make one turn or wrap fitting the insulated cable closely. 
Now cut off half of every alternate wire of each outer main and 
interlace, after cleaning and straightening each as before. Then 
bend them closely over the sleeve of copper by tinned binding 
wire in, say, four strips about wide, the butts of the conductors 
being between the pair of strips, eithor end. 

Solder as before with the ladles. The joint now has the 
appearance shown in Fig. 201. 

When cool enough insulate up in the usual way, tapering the 
ends of the old insulation of the cable beforehand. 

Protections to insulated joint. — Wrap a piece of sheet lead 
over the last insulation, so as to form a sloovo of just one 
complete turn and overlapping the ends of the ordinary lead 
sheathing of the cablo. Thon solder wipe the ends and down the 
seam so as to make a good water- and air-tight joint. 

Note. — Any part of the lead may be previously painted if 
desired so as to prevent the lead soldor wiping from taking to 
that part. Next ro-servo the inneT yarn as far as it will go over 
the lead joint, adding more to complete the serving. 

Then repeat this operation with the strip armouring, and lastly 
with the outer yarn, when the joint may finally bo well tarred 
over and i3 then complete for laying in. 

Generally speaking, all joints larger than about T 7 ff can be 
more expeditiously and effectively soldered by using flux and 
pouring molten solder out of one ladle over the joint and 
catching it in a second and larger ladle underneath. The reason 
is that by this means the joint can be raised to, and kept at, the 
proper temperature, which is difficult to obtain with soldering 
irons. 




APPENDIX 


PROOFS OF FORMULAE 


Deviation of the deflections of Reflecting 
Galvanometers from the direct propor- 
tional law. 


It has been stated on p. 6 that the scale deflections of a 
D’Arsonval galvanometer are directly proportional to the currents 
producing them. Though this is not rigorously correct, it is 
sufficiently true for most practical purposes in the usual forms of 
instruments belonging to this class. For very accurate work, 
however, it is necessary to apply a correction, usually amounting 
to a small fraction of 1% for deviation from this law, and this 
we now proceed to indicate. 


0 . 

A 



Fro. 20*2. 

the two positions of the mirror 
By drawing the normals to t 


Let 0 be tho zero of the scale 
PQ, presumably in the centre, 
though, for convenience, only one- 
half of the scale is sliown, and 
let Od and OJ) be the scale de- 
flections of tho spot of light on 
PQ from zero for currents C\ and 
C. 2 through the galvanometer 
coil. 

If B is the centro of the needle 
ns, then OB is the incident ray 
of light from some source at 0 
and Bd, BD the reflected ray3 for 
and its attached needle ns. 
he mirror in each position we get 


4t'0 
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Ba and BA respectively, and it can at once be shown that the 
angle dlW — 2uBA, or that the angular motion of the mirror is 
half that of the reflected ray. 

Now since ns is contained by the piano of its coil for no current 
and is parallel to EQ, we shall always have (for the small angular 
motion of ns usually obtained in minor galvanometers) — 


(\ : Co - tan. \ Qlld : 


tan. J OBJ). 

" 01 ). 


« , , Od 

"*“■* oe' UL =o». 




1 


(accurately), 


Od 01) 

OB OB 

or if Od and OD are not very different and are small, then — 
C\ : C. 2 -Od : OD (approximately). 


Measurement of the Internal Resistance of 
Secondary Cells. (Fall of Potential 
Method.) 


Proof of Formula. — 'Referring to p. 70, let 2£=tho total 
K.M.F. of the cell or battery, and V the potential difference at its 
terminals, when sending a current A. 

If then B is tho internal resistance of the cell and If the 
resistance of the external eiicuit, we have by Ohm’s Law — 

Fall of Potential round external circuit = All= V, 
and „ „ in the cell itself -AB. 

Henco we must have E - All + AB = A (R + B). 

Rut tho Fall of Potential in tho cell itself is also = E- V, 

/. E—V-AB, 


and 


or thus 


Jleuco 


E- V 

B — — — ohms; 
A 

E^MR + B) 

V AH 

= t F A > , but AR-V, or 
E-V , 

/. B — ~ ohms. 

A 
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Measurement of Resistance. .(Wheatstone 
Bridge Method.) 

Proof A Formula. — Reforring to Fig. ,33 I., p. 82, lot V v V 2 
and V a — the Potentials of the points P, N and T respectively ; 
then tho point Q will also bo at the potential K 2 , since when the 
bridge is “balanced'’ no deflection will occur on the galvano- 
meter, owing to thore being no difference of potential between 
N and Q to cause a current to flow. Now let C v G v G z and C K 
bo the currents passing through the resistances r v r 2 , r a and r 4 
respectively of tho arms of the bridge. 

Then Fi ^ = ^V *3 “ 

and V 2 - F 3 = Gft = C 2 r 2 ; 

but since on balance being obtained no current flows through the 
galvanomoter, i. e. between the points iVand Q } wo get 
G X = G 4 and C 2 = G s , 

• • • C T Cf V 

whence by division -13= 4 -i 

C/ 2 Gf x 

r« r. 

or i ^ J 

r 2 r x 

and r 1 r 3 = r. i r 4 , 

The resistance in tho galvanomoter and battery circuits is 
immaterial, so long as it is not great enough to diminish the 
sensitiveness of tho tests; consequently it may vary without 
vitiating the results at all. 


Measurement of Low Resistance. (Potential 
Difference Method.) 

Solution of Inferences.— Referring to Fig. 34, p. 85, let 
A- current flowing through tho resistances r and R in series, 
and v, V- Potential Differences across their extremities re- 
spectively. 

Then from Ohm’s Law wo have 


but since the galvanometer resistance is high compared with 
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either r or R, we have its deflections d r and d R across theso re- 
sistances respectively proportional to v and V, whonce 

• da = d r 

It r 

and the unknown resistance, assumed to be (r), is 

r = -/*/? ohms. 
dn 

Assumptions. — (1J That no fluctuations of the current A have 
occurred in the interval of time between the observations d R and 
d r of any particular pair. 

(2) That the introduction of the galvanometer across the re- 
sistance has not altered the P.D. at their respective terminals. 

(3) That the deflections are proportional to the currents, which 
is very noarly true for ordinary reflecting instruments. ^ 

Errors may arise from tho warming up of the resistances to be 
compared, due to the passage of the current, and tho consequent 
alteration of resistance. The current should not be strong enough 
to do this. 

Also from tho presence of thermo currents caused by the 
warming* up of a junction of two dissimilar metals. 

Lastly, from the inconstancy of the current, which can be 
minimized by taking readings with one of the resistances before 
and after that with the other, and noting the mean of the two. 


Measurement of very high or Insulation 
Resistance. (Direct Deflection Method.) 

Solution of Inferences.— Referring to p. 1 01 — 

Lot & = the internal resistance of the battery, 
g « the galvanometer resistance, 

C R C r = tho currents through the galvanometor, causing deflec- 
tions d n d„ when tho resistances A and r are in circuit respectively 
and K be a constant converting these deflections to actual 
currents. 

Then if E is the E.M.F, of the battery we have by Ohm's Law 

• s„ x s„x 

8* “( K+b)(S s +g)+gS a 

. 1{+b + S B +g 
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Similarly C r - ■ W-faTf * —~S^ “ (7 + 4) (JVfjf+'jfc' 

r+i+ *+* 

whence by division 

cl r _ (r + ft) (ft r + </) + < 7 /?,. A* 

(A + b ) (/S'/i + <j) + <jEfi R r 

Now b will always bo negligibly small compared with R or r. 


Hence 


<}n r (Sr+ti +'jSr SnJ’k **) * 9 

d r “A (S n +y) + yS R * K ^ + ^ + o 


or J K + ( 1 + ;v ( ) + ^] * • ( l ) 

When no shunts are used S R and S r both = infinity and 
d R {R + <j) = d r (r + <j) 

lastly, if (y) is negligibly small compared with A and r, then 
d R A - d r r, 

and r.rm^y A (2) 

a r 

The assumption made in both formulas 1 and 2 above are 
that— 

(a) The E.M.F. of tho testing battery remains constant 
throughout the tests, which is justifiable owing to its working 
through such high resistances. 

(b) The internal resistance of tho battery is so small compared 
with A and r as to bo quito negligible. 

In the relation (2) above, it is assumed that — 

(c) No shunts are used at all with the galvanometer. 

(d) The galvanometer resistance (y) is so small compared with 
A and r as to bo quite negligible. 


Insulation Resistance of Electric Light 
Installations while working. 

Solution of Inferences.— Let A and B be the two points of the 
circuit most convenient for attaching the wires to, that come from 
the two-way key K. Let r v = resistance of the voltmeter, and 
A\A 2 = insulation resistances of the + vo and - Te sides, respectively, 
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of the network or installation, in ohms. Then that of the whole 
system, Everything included, is 7? = jr~fr 

In Fig. 20.3, E represents the earth or nearest gas or water-pipe. 

If then V 1 and V 2 are the voltmeter readings when placed 
between the + 70 and - Te sides of the circuit and earth, and V 
the voltage between the mains, we have 

H* A 


"XT 


K 

' 

A 

r v (V 




Earth 


Fm 203. 


/•*!_+ r v 


Fall of P,D. between A and E, viz. F. = F--77- 1 — JL - 

* « r v 

*T+>. +/ ‘ 2 


II. , f. 


Similarly the fall of P.D. lwtwcon U and K, viz. T , — V ' - — 

A'f +r, + 

Since EPA and EVA are in parallel, and the combination in 
scries with EQ 11 

(/?,+/;,) r„ 

+ E») ?V+ 

. ~.L. _JL( 1+ jMk. i\ 

*• r i +K > “KV + if l + // 0 rJ 

F 


rj+K.-Fy- 


or 

also 


li^r 


■(w>) 


,r, + K, r,r^- ( r,+r 8 )i 


x t - r,\r-(v t +r t ) 1 

" 

(Fj+Fg) representing the absolute sum of the two voltages, 
assuming they aro to opposite sides of zero. 
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Insulation Resistance of a Storage Battery. 


Solution of Inferences.— Rof erring to Fig. 50, p. 1^8 — 

Let P l P i P i . . . be points on the battery which are partially 
earthed, 

R l R 2 P z , . . be the resistances of these earths, 

C l C 2 C i . . . bo the currents flowing from P 1 P 2 and P z . . . 

to earth when Q is connected, K closed, 
and r- 0. 

E x E 2 E z ... the E.M.F.s between P and P l P 2 P 3 . . , 
respectively. 

Then if all the currents flow from battery to earth 

-^ l i~ C a g~E\i C a y — C z R z — E z , 

@ 2^2 ’~@o9~ $ 2 * G 0 g — C qPq—Eq, 

etc. etc. 


Also 

Hence— 


C i + C r 2 + C 8 + . . . + (7c=0. 


* +&? + &+&2 + . . . +%'-»+. . .,+C(j“0. 

"1 -“2 -“8 "9 

Now whon C 0 falls to C r by increasing g to (g + r) we have 
E\ + C r {g+r) E 2 + C r (y + r) C r (g + r)-E s 

+ — ■ 9 + . . . + (7 r = 0. 

il o 

Hence from the difference of these two equations wo have 

{ Caf-C r (t+r)} (^+J 2 + - • • ) + C fl -C' r =0, 

, n Vc 9 -C r (g+r) 

whence A- — (J^Z ^ — 


Insulation Resistance of Dynamos and 
Motors. 

Solution of Inferences. — The proof of the formula employed in 
this test is precisely the same as that given on p. 494 for the 
insulation resistance of electric light installations. It will not 
therefore be repeated here. 
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Efficiency of Direct-Current Generators. 
(Hopkinson’s Electrical Method.) 

Solution of Inferences.— Referring to Fig. 85, p. 224, let 
V\ y<i F 3 be the terminal voltages of a, /3 and y respectively, and 
A the main current through them all. Then we have — 

Powor developdl by the generator a =AV X Walts. 

„ supplied by the auxiliary y ~AV 3 „ 

„ given to the motor (3 -AV^ „ 

Hence AV^AV 2 -AV 1 -J 

which is the power lost in both machines together. 

If F~ normal working pressure of a and /3 when running ns 
dynamos, «* a and rp = normal resistances of their sliunts. 

V 2 V 2 

Then — and — -Watts wasted in their respective shunt 
r a rp 

circuits, neglecting any extra resistance such as R x and i? 3 . Now 
let the total internal loss in a = that in /?. Then — 

Efficient of dynamo a 

useful powor developed A V x 

iAV l + AV, + ^ 


2 = — 


total power put in 
Efficiency of motor /3 


V 2 


„ useful B.H.P. developed 
total E.II.P. put in 


r 

2 rj3 




v 2 

A V 2 d'“~ 

1 Tf 3 

If now we neglect the shunt losses 
with the outputs of a and (3, then 


r ,„, l 


P . 

— m comparison 


V- 


2Fi 

r 1+ i 2 


and 


v>+'\ 

' 21, 


2a Sg 


fj 


K K 
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Lastly, if we assume that the machines are so alike that 

2. -2, -3 (say) 

F, fy 

Then 2“ = 1 or 2 = V 

*2 J* 

wliicli is therefore tlio elfieiency of cither machine. 


Self-Induction by the Impedence Method 
using Single-Phase Alternating Currents. 


Solution of Inferences— Referring to Fig.l32 4 p. 360, let V a 
and V D ho tho readings of the voltmeter when an alternating 
and direct current of the same strength A is successively passed 
through the self-induction whose value L is to bo determined. 

Lot ti ~ frequency of tho alternating current in per sec., 
then its angular velocity yj — 2im. 

If A’ = the ohmic resistance of the sol f ind uclivo circuit we 
have for the direct current, by Ohm's Law, 

R - ohms, 

A 


and for tho alternating current we have 

— — ij lJ^p R? tho impedence of the circuit. 
A 

Hence by substitution = \/ (Lp)' 1 -f ^ 

or +(5T 

who,,™ 

and . * . L -= ^ V 1 — V “ henries. 

pA a D 


Self-Inductions in Series and Parallel Laws 
of Combination. 

Proof of Formula— Suppose that we first take the arrangement 
represented in Fig. 1 35 y, p. 3(57, in which all the self-inductions 
L i L & and L i are in parallel. 
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Let them possess ohmic resistance R 1 J2 2 R B and R i respectively, 
but no mutual induction. 

Also lflt L 0 and R t be the combined or equivalent self-induction 
and ohmic resistance of the combined parallel circuit such that if 
subsj^fcuted for the parallol branches the same potential difference 
V would exist at the terminals, causing the same current A to 
flow through. 

If thon the angular volocity of the alternating current be 
denoted as usual, by p = 2ir n where n is the periodicity, we can 
apply the solution obtained by Lord Rayleigh for the impedence 
of parallel circuits and given in a paper by him “ On Forced 
Harmonic Oscillations of Various Periods.” — Phil. Mag. t May 
1880. 


Thus 
where 
J fence 

Substituting tho 


L, ~ 32+7*9 and R '° A* + Bit 

(zy+if 2 ) IU "' 7 J " 2 (zy+fi 5 ) 

z.y + a } = 

values of A and B given above we get 


l i 

( A y / it y 
V 2 {LyTRfJ } '~ + V 2 (/;y+«)V 

Next t ike the arrangement shown in Fig. 135/9, in which tho 
inductions aro connected up, two in series and two in parallel. 

Here, sinco self-inductions in series sum up like resistance in 
series, we have, applying the last equation for two parallel 
branches, that 


a “ VAy+zv^J 


V 

A 


= VZ;y +yy 




1 


/ifj+if, ,K t + R 

VfiW 


k-Y +(hi 

(i s +i t y) + \(i^ 

(/,+/,)(/,+/,) 


+ _ 

+/ 2 > 2 (7, 


MY, 


V (£1 + z, + i, + z.)y + (if, + if, + if, + /f,)' 
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j(l x + w + ( h + 3 ) 2 m ± W +<* 3 + 5? 
V'(2/,)V + (2A7 > 

which is the combined or effective or equivalent impeaence of 
this particular branched circuit. 


Electrostatic Capacity of Electrical Cables. 
(Multicellular Voltmeter Method.) 

Proof of Formula— Let C a ~ capacity of the standard air 
condenser ; C L - capacity of the cable, 
and A r 1 /( r 2 = capacities of the voltmeter 
at tlio potentials V, and V respectively. 

Then if G a is first charged in parallel 
with V to a potential V v the quantity 
of olectricity in tho ehargo is = V, 
(i C a + K j), since the capacities C a and 
J u K, are in parallel. 

) If now K is closed so as to put C L 
in parallel with the first two and the 
potential falls in consequence to V 2 , 
the quantity of the ehargo is still tho 
same assuming no leakage, and we have 
Qi=V,(C a + C L + K 2 ). 

V, Cg+K , 

Vi C a + C L + K 2 
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Hence 


and by a well-known rule in proportion we have 

v 2 Ca + K, _ Ca + K, 

V,-V i ~C a + C L + K 2 - C a - K, ” C L + K\ - K x 
... Vi f L + V 2 I( 2 - V^K, - V,Ca - V 2 C a + v x k x - VA‘ 
Hence vp L + F 2 A r 2 = 6' fl ( V x - V 2 ) + V X K X 

and ... c 

Vi 

or neglecting the capacity of tho voltmeter in comparison with 

V — V 

Ca and C L we have C L ~C a —~v/~' J ‘ 

K a 
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Capacity of Concentric Cables. (Standard 
Magneto Inductor Method.) 

Proof of Formula.— Referring to the test, p. 377, lot Who tho 
number of turns of wiroonthe standard inductor and F tho total 
number of lines of magnetic force threading the gap, then tho 
interlinking of turns and field = FN. 

If now R = the total resistance in ohms of tho inductor circuit, ' 
the whole quantity of electricity Q l producing tho throw dj is 

n , NF 
Q l ccd J oc 

Again, let C- tho capacity of tho cablo in microfarads, V— tho 
potential difference in volts to which it is charged, then the 
quality of electricity Cl 2 causing tho throw d 0 is 
“Q 2 acdocCV, 
io - 1 

and 1 microcouloml) — — ” H " — lO* 7 O.G.S. units of quantity, 

also 1 ojim = l() n CO S. units of resistance 

d, FN FN _ 

Hence - j 0 -7 x 1o<j j> y(j “ ioo RVC 

and C — TTlTTTTTr i microfarads. 

100 h V a i 

For tho greatest accuracy we ought to have 
dr = d a . 


Three Voltmeter Method of Measuring 
the “ True Electrical Power’’ in Single- 
Phase Alternating Current Circuits. 

Solution of Inferences.— Kef erring to Fig. MO, p. 382, let 
the J mean square value of the voltagos, as given by either 
a hot wire or electrostatic voltmeter, be denoted by V, V 1 and V 2 
for the positions shown in the figure ; also lot (r) *■ tho value of 
the non-inductive resistance QR in ohms. 

Then we require the value of tho mean or True Power in 
Watts W given to the wholo circuit PR in which the whole power 
is absorbed; let v , iq and t > 2 be tho instantaneous values of the 
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voltages corresponding to the J mean squnro values F,Fj and F 2 
respectively at any instant (t), then v=v 1 + v 2 ; also ,if (a) =» 
instantaneous current in amps, flowing through PR at this same 
instant t , we have tho instantaneous value of the power in Watts 
(i w ) giv^n to PR at that instant as w— va ; 

but we also have a = since QR is non-inductive, 

. ' v., vv 2 

whence w — va~ = -- 

r r 


or 

now since 


w 2 -w‘ } 
v = v i + v 2 
v l = v-v i 


and ^ — 2 i\,(v — v.,) — 2 vv, 2 - 2v a 2 . 

Hence by substitution 2<; 1 v 2 = 2«jj , ~2'y 2 “ ; 
but y-— 1 ’ 1 2 + 2i? ] ij 2 -}-v 2 2 by squaring, 

v 2 - vf + 2 wr — 2iy + v a 2 by substitution. 

Ucnce tv -- J (w 2 -u 2 + v 2 ). 

2r ( 1 1 ) 

Integrating this equation for the period T we get 

I* v ' dt ~f v i‘ ih +f 

and finally W= 1 { V 1 - V*+ I'A 


Efficiency of Transformers. (Blakesley’s 
Three Dynamometer Method.) 

Solution of Inferences.— Referring to p. 423, on which will 
be found a formula derived by Mr. Blakesley for expressing the 
power given to the primary of a transformer in Ins method of 
measuring the efficiency of such an applianco, Professor Ayrton 
and Mr. Taylor have deduced the following general proof of this 
relation, which makes no assumption whatever as to the nature 
of the current, whether sinusoidal or otherwise, but only that 
there is no magnetic leakage between primary and secondary 
windings. This is approximately true for “closed circuit” though 
not for “open circuit” transformers, so that the method cannot 
be considered a very good one. 
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Let a L a , 2 — iustantaneous values of tho currents ami Vji^ those 
of tho JU.M.F.s in the primary and secondary windings having 
JVj N 2 turns respectively, and Z?~tho mean density of lines in tho 
core, then if A'j /t* 2 — ohmic resistances of tho primary and secondary 


wo have 
But 


#l dll 

V.+f£ .ji- 


lt: 'US „ . , , 

W h ,// 2 si nee we assume no leakage, 

V 

multiplying all through by a i we get 

„ o V, n 

v L a i '" A Vv+ V 

. 2 

integrating this last equation between the limits of the period 
T we get 

1 C T It f T N 1C f T 
fja «i Vh ^ "' n t U - 


lleuco if A is tho split dynamometer reading wo finally have 
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Preparation of the Clark Standard Cell. 

Definition of the Cell. — The coll consists of zinc and mercury 
in a saturated solution of zinc sulphate and mercurous sulphate in 
water, prepared with mercurous sulphate in excess, and is con- 
veniently contained in a cylindrical glass vessel. 

Preparation of Materials. — The Mercury . — To secure purity 
it should he first treated with acid in the usual way,, and sub- 
sequently distilled in vacuum. 

The Zinc . — Take a portion of a rod of pure zinc, and solder to 
one end a piece of copper wire. Clean the whole with glass 
paper, carefully removing any loose pieces of zinc. Just boforo 
making up the cell, dip the zinc into diluto sulphuric acid, wash 
with distilled water, and dry with a clean cloth or filter paper. 

The Zinc Sulphate Solution . — Prepare a saturated solution of 
pure (re-crystallized) zinc sulphate by mixing in a flask distilled 
water with nearly twice its weight of crystals of pure zinc 
sulphate, and adding a little zinc carbonate, in the proportion of 
about 2 per cent, by weight of zinc sulphato crystals, to neutralize 
any free acid. The whole of the crystals should be dissolved with 
the aid of gentle heal , i. e. not greater than 30° C., and the solu- 
tion filtered while still warm into a stock bottle. Crystals should 
form as it cools. 

The Mercurous Sulphate . — Take mercurous sulphate sold as 
pure, which is white, and wash it thoroughly with cold distilled 
water by agitation in a flask ; drain off the water, and repeat the 
process at least twice, but after the last washing, drain off as much 
604 
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water as possible. Mix the washed sulphate, in the proportion of 
about 12 per cent, by weight of ZnS0 4 , crystals, with the zinc 
sulphate solution, adding sufficient crystals of zinc sulphate from 
the stock bottle to ensure saturation, and a small quantity of pure 
mercury. Shako them well up together to form a paste of the 
consistency of cream. Heat the paste sufficiently to dissolve the 
crystals, but not above 30° C. Keep the paste for one hour at 
this temperature, agitating it from time J to time, and then allow 
it to cool. 

Crystals of zinc sulphate should then be distinctly visible 
throughout the mass. If this is not the caso, add more crystals 
from the stock bottle, and repeat tho process. This method 
ensures tho formation of a saturated solution of zinc and mercu- 
rous sulphates in water. The presence of the freo mercury 
throughout the paste preserves the basicity of tho salt, and is of 
the utmost importance. Contact is made with the mercury by 
means of a platinum wire about No. 22 B.W.G., which is pre- 
vented from making coutact with the other materials of tho tell 
by being sealed into a glass tube, the ends of the wire projecting 
beyond those of tho tube. One end forms the terminal ; the other 
end, and part of tho glass tube, dip into the mercury 

To set up the Cell.— Tho cell may bo conveniently set up in a 
small test tube of about 2 cms. in diameter and 6 or 7 cms. deep. 

Place the mercury in the bottom of this tubo, tilling it to a 
depth of, say, 1‘5 cms. 

Cut a cork about 0’5 cm. thick to fit the tube. At ono side 
of the cork bore a holo through which the zinc rod can pass 
tightly ; at the other side boro another hole for tho glass tubo 
which covers the platinum. At the edge of tlio cork cut a nick 
through which tho air can pass when tho cork is pushed into the 
tube. 1 

Pass tho zinc rod about 1 cm. through the cork. Carefully 
clean the glass tube and platinum wire, then heat the exposed 
end of tho wire red hot, and insert it in the mercury in the test 
tube, taking care that the whole of the exposed platinum is 
covered. 

Shake up the paste, and introduce it without contact with the 
upper part of tho sides of the test tuboj filling the tube above the 
mercury to a depth of rather more than 2 cms. 
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Now inHert the cork and zinc rod, allowing the glass tube to 
pass through the hole in the cork made for it. 

Push the cork gently down until its lower surface is nearly 
in contact with the liquid. The air will thus be nearly all ex- 
pelled, a. id the cell should be left in this condition for at least 
twenty-four hours before sealing, which should bo done in the 
following way — 

Melt some marine glue until it is fluid enough to pour by its 
own weight into the test tube above tho cork, using enough to 
cover completely tho zinc and soldering. Tho glass tube should 
project above tho top of the marine gluo. 

The cell thus set up may bo mounted in any desirable way; 
do it so that the coll is immersed in a water-bath up to the level, 
say, of the upper surface of the cork. Its temperature can then 
be determined more accurately than is possible when tho cell is 
in air. 

Instruments for Standard Measurements of 
the Highest Accuracy. 

The potentiometer in general must rank as ono of tho llrst 
of this kind, not solely from the point of view of accuracy, hut 
also because of the ease and rapidity with which the measure- 
ments possible with it can bo taken. The piinciple underlying 
its use is contained in the ('lark-Poggcndorff method of com- 
paring E.M.F.k, and an elementary application of this principle 
in Poggendorff’s method of calibrating a voltmeter, a dotailed 
description of which will bo found in the author's work 
ontitled Practical Electrical Testing for first and second year 
students. It may, however, hero be remarked that when using 
the potentiometer for measuring current, resistance, and high 
voltages, the principle, as is well known, consists in reducing 
any of the three electrical quantities which are to be measured, 
to the form of electrical pressure, or E.M.E., so that it can be 
compared by means of a potentiometer with a standard pressure 
such as that of the Clark coll. 
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The N.C.S. Potentiometer. 

This is a somewhat new type of potentiometer, in which there 
is no slide wire to get injured or deteriorate with time. It works 
entirely l>y means of adjusted resistances of perfectly definite 
values, the onds of which aro permanently attached to circular 
rows of contact stqds. 

Fig. 205 shows a goneral view of tho potentiometer in its 
containing case with the lid slightly raised, Tho internal 



Fio 205. 

arrangements and connections are seen in tho symbolical diagram, 
Fig. 206, with reference to which the working of the instrument 
will be understood more clearly. The two diagrams exactly 
correspond with one another so far as tho relative positions of 
tho various parts are concerned. 

A secondary battery is joined to the two terminals F, and 
rends a current through tho two dials C and D in series and 
then through adjusting resistances K and //. The C dial has 
15P exactly equal coils in it, numbered from 0 to 150. The 
D dial has 100 equal coils in it, tho whole dial being exactly 
equal to tho one coil in C. The two together arc therefore 
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equivalent to a slide wire with 15,000 fixed contacts at equal 
distances. The dial K contains nineteen equal siqall wire, 
resistances, and // is a carbon resistance for fine adjustment 
of the current, so that working with one secondary cell, the 
potentiometer can be set to read volts direct with a Clark cell. 

A standard cell of known E.M.F. is joined up to A + and A - , 
and the switch L is put over to A. 

Any convenient galvanometer, the most convenient form being 
a D’Arsonval, is joined up to the galvanometer terminals. 

Say the voltage of the standard coll, at the temperature used, 
is 1-4412 ; the arm of the C dial is then set to 144, and that of 
the J) dial to 12. 

The galvanometer key is tlion depressed on to its first stop 
(taking caro that the catch is underneath so that it cannot go 
right down) and the outside resistance K is adjusted till— with 
the switch on one stop — the deflection is one way, and, with it 
on the next, in tho opposito direction. The head II is then 
turned until an exact balnnco is obtained. A slight pressure 
should be put on the head II when turning it; it may not bo 
found necessary to uso II at all tho next .stop. 

Push aside tho catch on tho galvanometer key and depress fully. 
This cuts out a \ mogohm which was previously in circuit to 
protect tho cell. 

An exact balance can now be obtained by further adjustment 
of II or possibly K. 

The instrument is now set so that each division on C is equal 
to *01 of a volt, and each division on I) is equal to *0001 volt. 

Any low E.M.F. to be measured is joined to RB terminals and 
the switch L set to B) for example, a Lcclanchd coll or the 
terminals of a low resistance for current measurement. 

The galvanometer key is then again fully depressed and a 
balance obtained by moving C and D. 

Tho E.M.F. between B and B is then read direct on the two 
dials ; for example, if tho reading on C is 83 and that on D is 
67, the volts between B and B is *8367. Any volts higher than 
1*6 have to be measured on the terminals marked volts + and 
— , and with the switch L turned to V. Tho switch M is then 
turned to any convenient multiplying power, 3, 10, 30, etc., 
and the readings obtained from C and D (when th* balance is 
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obtained as before) have to be multiplied by this multiplying 
power; for example, if C is 103 and D 26, and M is standing 
at 30, the volts on the terminals are 1 0326 x 30 or say 30*98. 

The resistances in II and K are arranged so that any voltage 
up to 3 volts can bo used at F, thus allowing either a secondary 
cell or two large Loclanchds to be used ; it is well to leave the 
battery joined up to the instrument for somo ten minutes or so, 
Boas to steady down # before beginning work. 

A set of coils are required to potentiometer down high voltages 
amounting to 300 so as to bring them within range of the dials. 
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The three-way switch L according to its position inserts the 
known fraction of the high voltago, the standard cell, or any 
third unknown E.M.F. in circuit with the instrument. 

The following points should be noted — 

When using a standard cell, get a balance with the catch 
under the key before removing the catch. 

Be careful to join up any colls, etc., to their right terminals 
and not + to - . 

Do not screw the head H down too tight. It draws up a rod 
■a which compresses a carbon resistance; there is plenty of range 
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to cover the difference between two stops K without squeezing 
it at all tight. r> 

Press head H down when turning ; it keeps the resistance 
steadier. 

The tcuil resistance in the M dial is 100,000 ohms; not more 
than 200 volts should be applied to volts terminals for any length 
of time. For higher values a known resistance e;in bo added 
outside and allowed for. 


Crompton’s Potentiometer. 

This potentiometer is shown diagrammatically in Fig. 207. It 
consists of a wire AB stretchod over a scale and through which 
a constant current is maintained from one or more secondary 
cells of sufficient size to keep it fairly constant for three or four 



days’ working. A variable resistance G and rheostat G x is intro- 
duced in series with the cell and wire, arranged so as to adjust 
this current to givo a certain difference of potential at the two 
ends of the wire. The circuit which includes the E.M.F. to he 
measured is connected to one end D of tho effective potentio* 
meter wire, and through a galvanometer to a sliding saddle O, 
which carries a knife edge to make contact on the wire AB 
at any desired point of its length. This circuit is so coupled 
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up that the E.M.F. to be measured is opposed to the E.M.F. in 
the portion of the slide wire EC , in order that the position of 
C on the slide wire can be adjusted until tho two E.M.F.s 
balance one another so that no current pusses through the 
galvanometer. In order to compare the E.M.F. to be measured 
with the standard E.M.F., a Clark cell is put in in circuit with 
the galvanometer, and tho position of the slide C is noted when 
tho above-mentioned balance has been obtained. The electrical 
pressure or E.M. F. required to be compared is then substituted 
for the Clark cell, and a similar balance found by adjusting tho 
slider C a second time. Then the comparison between the two 
E.M.F.s can be mado by comparing tho respective longths of 
the. slide wire included betweon the points B and C in the first 
and second case. Bydi\iding the slide wire AB into a suitable 
number of parts, and adjusting tho vaiiabte resistance until the 
galvanometer comes to zero when the Clark cell is in circuit and 
the contact C is at a point on the scale corresponding to the 
temperature value of the Clark cell, say F434 at 15 e C., the 
instrument becomes direct reading in volts or fractions of volts. 

Dr. Fleming in the year 1883 first called attention to the 
advantages of this system of measuring, and since that time the 
system has been steadily developed, and refinements have been 
introduced. As the following description will apply to instru- 
ments such as are suitable for a municipal standardizing 
laboratory, it is here necessary to specify what aro the require- 
ments and limits of accuracy within which these instruments 
may be reasonably expected to measure. First comes tbe verifi- 
cation. of voltmoters. This is of importance on account of the 
disputes that aro likely to arise as to the prossuro supplied from 
electric-lighting stations. Voltmeters for standard pressures of 
150 to 200 and 220 volts are principally used for noting the 
pressures in the consumers' houses, and for such cases it is 
desirable that their readings at about the standard prossuro 
should bo verified to one-tenth of a volt or within one part in 
1000. Next it should be possible to verify and certify tho 
constant of the various kinds of meters by which the electrical 
supply is measured to the consumers. They also ought to be 
verified to one part in 1000. Next comes the verification 
of ordinary ammeters, or current instruments used for trade 
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purposes to about the same degree 
of accuracy. In both these last cases 
the range through which,, instru- 
ments would lihvo to be compared 
is very considerable; for instance, 
the instruments sent for verification 
may be those used for testing electric 
lamps or for telegraphic purposes, 
measuring currents of one milli- 
arnpero, up to those used for metal- 
lurgical or electrolytic purposes up 
to 5000 amperes or more. 

The correct comparison of resist- 
ance standards as well as the cor- 
rectness of the ratios of resistance 
boxes ought to bo eaj table of verifi- 
cation to ono part in 10,000. . In 
the comparison of resistances must 
be included the testing of the con- 
ductivity of various metals, and the 
insulation resistance of various insu- 
lating materials. 

In tho first form of instrument 
proposed by Dr, Fleming, the poten- 
tiometer wire was made of an alloy 
of platino-iridium four metres long, 
and had a resistaneo of about 23 
ohms. Tho wire was divided into 
two parts and strotchod over a scalo ; 
the whole of the wire, being re- 
quired for measuring purposes, had 
to be caiefully calibrated, that is 
to say, its electrical resistance made 
equal per unit length throughout 
its entire length. This was a very 
tedious and expensive process. It 
was found very difficult, if not im- 
possible, to obtain wire as it finally 
left the drawplate, which was suifi- 
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ciently homogeneous to be used without further adjustment. 
In most t cases the whole of the wire had to be carefully scraped 
or rubbed until the requirod equality of resistance was obtained. 
Such a wire was very valuable, and if it was broken or acci- 
dentally melted, its loss was a serious matter. 

In a later form of instrument (Fig. 208) Messrs. Crompton 
have abandoned the use o£ this expensive material, and at the 
same time have arranged so that only one-fifteenth part of the 
wire AB is stretched over the scale and subject to the wear of 
working. AB in the drawing shows this portion of the wire 
25 in. long, stretched over a scale divided into 1000 parts ; 
therefore each division on the scale beiug one-fortieth of an 
inch, represents one fifteen-thousandth of the pressure at the 
two ends of the wire ; in other words, if the instrument being 
standardized to 1*5 volts at the terminals of its wire, ouch of 

1-5 

the smallest divisions of the scalo represents or one ten- 

thousandth part of the volt. The resistance of this wiro is 
usually about 2 ohms, and the remaining wiro is divided into four- 
teen eoilrf, each of about 2 ohms, so that tho resistance of tho 
whole is 30 ohms. These coils aro naked spirals, tho terminals of 
which aro fixed to tho undersido of the fourteen contact blocks 
shown at E. Tho swinging arm shown am make contact with 
any one of these blocks. It is an easy matter to adjust these four- 
teen coils when the instrument is first made so that their resist- 
ance will accurately equal one another, and tho resistance of the 
working wire AB can then bo adjusted by slightly st-rotching it 
until it is also exactly equal to any of them. As the fourteen coils 
are protected they nover need further adjustment, but if in ihe 
course of time tho exposed portion of the wiro AB becomes worn 
or is in any way damaged, a now piece of wire can bo substituted 
in a few minutes and stretched by means of the stretching screw 
shown at F, until its resistance over tho portion from 0 to 100 
exactly balances that of any one of tho fourteen coils. C is tho 
sliding saddle carrying the contact. This consists of an ebonite 
box arranged to slide smoothly on t lie scale. It is provided with 
a knife-edge spring contact so that the contact may be made 
with a regular pressure which is independent of the pressure of 
the hand of % the user; it also has a micrometer adjustment for 
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accurate work. The semi-circular switch G and the cylindrical 
rheostat shown to the left, which latter gives a graduation 
of resista hop, form part of the variable resistances above doscribod, 
and which are required to reduco the di’fl’orenco of potential 
betweru the terminals of the wire from that of tho secondary 
cell 2 volts to any drsirod value. Tho value that has been 
chosen in this instrument is 1*5 volts. The instrument is 
provided witli four pairs of terminals, 1, 2, 3, 4. A Clark cell 
c.in bo put on to one of these, and any threo other electrical 
pressures to be measured can be connected on to tho others. 
Phe switching arrangement II shown in the centre brings the 
galvanometer into series circuit with any one of these pairs of 
terminals. Tho contact koy AT shown to tho oxtromo right is 
used for short circuiting tho galvanometer. 

Whenever it is required to moasuro an electrical pressure 
greater limn that on the terminals of tho potentiometer, that is 
to say, in this case, greater than 1*5 volts, the pressure to be 
measuied is applied to certain terminals of a resistance box, 
and the terminals of the potentiometer are connected to other 
terminals on this box, which include between them a resistance 
which is an even part, say, one tenth, ono hundredth, or one 
thousandth of the entire resistance of the box. 

When, however, tho potentiometer is employed for measuring 
currents, this is done by measuring the difforouce of pressure at 
two points on standard resistances which, in order to make tho 
instrument direct-reading, must bo either 1 ohm, one'-tenth, ono- 
lmndredth, or one-thousandth and so on. As these low resistances 
have often to carry very high currents, they have to be designed 
so that they do not heat to a sullicient extent to introduce errors. 
A description of a few different forms of them will be found 
on p. dO t. 

Method of “Retting Potentiometer” ry Standard Cell. 

One secondary cell being connected direct to the extromo left- 
hand pair of terminals, the galvanometer to those on the extremo 
right and a standard Clark cell to terminals IV suppose. Note 
the tnnijm'aturc of the Clark cell on its own thermometer, and 
from the table showing its K.M.F. for different tomperatures 
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affixed to the instrument or by calculation, using the formula on 
p. 17, or^able p. 043, obtain its proscnt E.M.F. corresponding 
to its present temperature. For example, suppose this to be 
15° C., then the E.M.F. = 1-4340 volts. 

Noxt place the double switch II on studs 4, the lever on stud 
14 of E, and the slider key C at 340 on the scalo, then pressing 
this latter, adjust the resistance G and rheostat G Y so that the 
galvanometer comes Jmck to the zero, at which it was originally 
set. Now every ono of the scale divisions will be equal to ono ten- 
thousandth of a volt, and the potentiometer is thus “ set." To use 
tho instrument for voltage measurements II is turned to the un- 
known E.M.F., while G and Cf remain untouched, only E and C 
now being varied to obtain balance with the unknown E.M. F. in 
circuit with the galvanometer. 

Precautions. — A high resistance, such as 10,000 ohms, should 
always bo connected up in series with the standard cell before 
placing this across the terminals of tho potentiometer, but when 
balance in the “setting" is practically obtained, tho resistance 
can be cut out of circuit to make the balance as sensitive as 
possible. *By doing this the cell will not bo able to send any but 
an extremely small current when tho balance is far from perfect, 
and only under such conditions of uso can the cell be relied on as 
an accurate and constant standard of E.M.F. of the value set forth 
in the table above mentioned. 

In taking a scries of readings with a potentiometer, care 
should be taken, at intervals, to see that tho “ setting ” with the 
Clark cell remains constant, and if it doosn’t, to adjust so that 
it is. 

Sources of Error. — The current from the secondary or “ Working 
ccU ” through the stretched wire and resistances E altering, owing 
to the E.M.F. of this cell varying. To prevent this it is advisable 
not to use a newly-charged cell, the E.M.F. of such being liable 
to frequent alteration, but to use ono amply large enough, that 
has already been \ discharged. An extremely constant E.M.F. 
and current will then be obtained. 

Again, a furthor error will be introduced by the stretched wire 
not being uniform, and great pains should be taken to ensure that 
it is uniform. This may be proved by calibrating it carefully in 
the manner employed in thus testing a metre bridge wire, a 
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full description of which is given in the author’s work on Practical 
Electrical Testing ; or by sending a perfectly steady and constant 
current through the wire and measuring the fall of potential down 
equal lengths throughout the scale. 

Still another error may be caused by leakage causing the 
galvanometer to deflect when an accurate balance has been 
obtained. To avoid this, the insulating of the various pieces of ’ 
apparatus should be attended to. 

The abovo form of potentiometer has been much improved by 
tho makers, and that made at the present time differs from the 
above in several constructional details. These, together with 
the appearance and connections of tho latest typo of instrument, 
will bo easily understood from the following description by the 
makers. 

The construction of the potentiometer itself is shown 
diagrammatically in Fig. 200. The calibrated wire is arranged in 
fourteen coils, called potentiometer coils, lettered AB, and a 
straight section BO, called the scale wire, the resistances of the 
several coils and of tho straight section being equal. Ono sliding 
contact Q moves over tho terminals of tho fourteen *00118, and 
another R along the straight wire. The reading of the instru- 
ment in the position shown is T046. The pairs of points whose 
potential diffoi cnees are to be compared aie connected to the 
blocks of tho double-pole switch K, whose levers, MN, connect 
them, one pair at a time, to tho sliding contacts QR through the 
galvanometer. The galvanometer key II is arranged" to completo 
the circuit through two resistances, which are short-circuited in 
succession as tho key is depressed. The current required is de- 
rived from a small secondary battery G . An adjustable resist- 
ance, consisting of a set of coils BE, and a continuous rheostat 
F is placed in the circuit. By adjusting these the resistance of 
the circuit and the current passing through it from the storage 
cell, and consequently tho fall of potential along the scale wire 
can be continuously altered, and the operator is able to obtain a 
galvanometer balance against a standard cell when the reading of‘ 
the gliders is that of the known E.M.F. of the cell at its actual 
temperature. If, for example, the temperature of the celb be 
15°, so that its E.M.F. is 1*434 volts, the sliders may be set 
to that reading, and the galvanometer brought to zero by 
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adjusting the resistance DE and tho rheostat F. When this 
has been done the scale readings at all points are direct, readings 
in volts. fi 

A view of the potentiometer is given in Fig. 210, and a diagram 
of its internal connections in Fig. 211. Here a b is the scale wire; 
c the set of equal potentiometer coils in series with it ; d is the 
double-polo switch connecting the six pairs of terminals AJiCDEF 
in succession to the slide contacts ; e f aw tho resistance coils 
and rheostat respectively, and G is tho galvanomotcr key. All 
the moving contacts are under glass, and the coils and the scale 
wire are inside tho box. The box itself is completely closed, but 
the inside can be inspected by removing a sliding bottom. 
Nearly all the measurements made, involvo the use of a standard 
cell, and ono pair of terminals, tho pair A, is assigned to its 
connections to save confusion in working. Fuses of line wire 
are inserted at all terminals except thoso for tho galvanometer to 
save the instrument coils in the case of an accidental connection 
to a source of high pressure. 

Two scab's are engraved for slido wire readings. One is a sorios 
of oven divisions from 0 to 105, the resistance of the ‘scale wire 
between 0 and 100 being the samo as that of each potentiometer 
coil. It has been found convenient to be able to take readings 
a little beyond the 100 mark without having to move the potentio- 
meter coil switch, and tho scale is extended to 105 to admit of 
this. The other scale gives the values of the Clark cell at different 
temperatures, and is used in tho following way : — Tho potentio- 
meter coil switch is set to 14, and the slido to tho temperature of 
the Clark cell taken from tho thermometer attached to it. The 
potentiometer reading is then the correct value in volts of tho 
Clark cell at that temperature. By adjustment of the rheostat 
the galvanomoter is balanced, and whon this has been done the 
current in tho potentiometer wire is such that readings «t all points 
give correct values in volts, and the instrument is a direct-reading • 
voltmeter. Its maximum range is then 1’5 volts, reading in 
thousandths of a volt, and by inspection to ton thousandths. 
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• Potentiometer Volt Box. 

This is a simple and most convenient piece of apparatus by 
means of which a known definite fraction of any voltage can be 
easily and quickly obtained. Hence such an instrument can 
be employed with potcntiometor for the measurement of high 
voltagos, enabling the small requisite voltage to be taken off 
and used for measurement in the potentiometer. Fig. 212 shows 
a general view and Fig. 2 1 ‘1 (p. 52:1) a plan of the internal connec- 
tions of a variable volt box designed by tho author for use with a 
Crompton potentiometer. It consists of two sets of resistance 
coils, each set having its own separate semi-circular row of con- 
tact studs over which the spi ing contact levers work and make con- 
tact. Two pairs of terminals are provided, the high E.M.F. being 
directly connected to those marked M, which are larger terminals 
than those marked B to distinguish them and avoid mistakes. 
B is the sido at which the known fraction of tho total P.D. is 
obtained* and of course go to tho potentiometer direct. With 
the levers as shown, Fig. 2i:j,7rn>J+iou ur rou^ 1 ^ho total P.D. 
across M will bo taken from B. 


• Low Resistance Measurer. 

The following instrument affords a simple and convenient 
means of measuring very low resistances, such as are met with in 
the armatures of large dynamos, motors, and electric light mains. 
These cannot be obtained by an ordinary Wheatstone Bridge, 
owing to the difficulty of making, and the resistance introduced 
by, the contacts, and other reasons which go to vitiate and make 
the results worthless (see Fig. 21 1). 

The working of tho instrument is os follows —The resistance to 
be measured is joined in series with a battery and the slide wire. 
One coil of a differential galvanomoter is joined by two leads to 
the two' ends of the resistance to be measured, and the other coil 
ftepogs njiorfi or less of the slide wire. 
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The wiro is divided into 1000 parts, and tho whole is so 
arranged that tho fall of potential over the wholo wiro, through 
tho one galvanometer circuit, exactly balances that oror y ff th 
ohm in the other. 

The readings are then proportional throughout the scale. By 


c.. J\V‘ 
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Klu 212. 

shifting two plugs tho values may ba multiplied by 5 or divided 
by 2, thus making the top read .] or of an ohm. 

Directions for use. — Place the instrument on a fairly level table 
or bench. 

Free the galvanometer needle by turning the screw at the back. 
Turn the galvanometer on its shank till the needle points to. 


zero. 
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Join the largo terminals of the instrument in series with the 
resistance to bo measured, and a cell capable of giving, say, 5 
amperes; introducing somewhoro in tho circuit a resistance, to 
bring the current down to about 5 amperes. 

Any odd bit of iron or German silver or other wire will do. A 
piece of G.S. suitable for use with a two-volt coll is sent with tho 
instrument. 

Join the long le.yls on to the small pair of terminals. 

Depress tho key on tho contact arm to touch tho wire ; close 
the circuit switch, and the direction of tho dellection. 



Fie. 21. ‘5. 


Press the two contact spears at the ends of tho lung loads on to 
the two points between which the resistance is to be measured — • 
tho contact arm being up. Again closo the circuit switch and 
note direction of deiloetion. If in samo direction as before, 
roverse the two contact spears. 

Then, keeping the spears pressed on tho resistance to be 
measured, depress the key on the contact arm. 

If the deflection reverses it shows that tho fall of potential 
over R (the unknown) is less than that over the wire, and the 
aiyn must be moved back towards the zero end until the galvan- 
ometer neodle points to zero. 

The arrow on the contact arm then points to the resistance on 
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tho scale direct in ton-thousandths of an ohm, thus a reading of 
517 is jJJfo or -0517. 

When the plugs are in 2 and 3 the instrument neads as 
above described. When in 1 and 2 tho roads must be multi- 
plied by 5, thus a read of 274 = *0274 x 5 = ‘1370 ohm. When 
in 1 and 3 tho reads must be divided *by 2, thus 98 = -0098 4- 2 
= ‘00 19 ohm. 

Tho spears should make fair metallic contact, but nothing more 
is necessary. 

The galvanometer turns on its pillar, and can thus be set to 
zero. It should bo set to zero with the current switch closed, 



Fiu -!H 


but without the contact arm being pressed or tho spears in 
contact. This avoids all disturbances from tho heavy current 
leads. 

The contacts in tho current leads do not need any care, their 
resistance, even if variable, does not affect the result. 


Approximate Tests for very Low 
Resistances. 

In armatures it is sometimes desirable to test each bar separ- 
ately, to see that they are all the same, but if tested as above the 
reading would be so very small that there would be no certainty. 
A comparison of the bars can be taken by putting a shunt of any 
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convenient size, say 6" of No. 8 platinoid, across the heavy term- 
inals TT at the end of the slide iron ; using a larger current and 
working as before. The results will be of course only' compara- 
tive, but if tho shunt is firmly fixed, the readings will be quite 
sufficiently accurate for practical purposes. In the same way 
any two very low resistances can be compared by putting the 
two in series with the instrument and then transferring the point 
contacts from one to tho other. 


Siemens Low Resistance Bridge. 

Instructions for use.— Connect up as shown in Fig. 215, which 
is a symbolical representation of the bridge and its connections, 
the general view being shown in Fig. 21 G, 

In each of the arms of the branch box marked x , unplug equal 
resistances and also on the — side, the resistances being chosen 
according to the magnitude of the resistance to be measured. 

The slide wire resistance is carefully calibrated and is com- 
pensated, for all changes of the air temperature so that 0 to 100 
=* 001 standard ohm. (At any time should tho wire require 
cleaning, only chamois leather should be used for the purposo.) 

The contact slide vices, etc., are arranged for testing conduct- 
ivity, but any other resistance may bo tested on jointing it by 
four connection leads to L\,Ly and £2, Lz ; LI and L l l being 
the “current connections ” and Ly and Lz the “ potential connec- 
tions,” it must be remembered that any excessive resistance in 
the leads from the potential contacts to the branch box would 
increase the value of the branches and should be allowed for; 
they should therefore bo as low as conveniently possible. The 
battery used should bo one of low internal resistance ; tho galvan- 
ometer serves to indicate that there is a current flowing in the 
circuit. 

Resistance Test. — The left-hand vice, etc., being clamped at 
sero, insert the specimen and clamp it at both ends ; the length 
corresponding to the resistance measured will bo given by the 
pointer on the meter scale, and is the distance botween the two 
knife edges or “ potential contacts.” Alter the position of the 
sliding roller contact on the resistance wire until after closing 
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the battery circuit by means of the key 2>, and then pressing 
key M f no motion of the galvanomoter needlo is observed ; the 



position of the roller contact being then read off, will give the 
resistance on the slide wire ( S ). 

Then the resistance of the specimen is X- S . ~ ohms. 


Fig. 215 , 
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Example. — If the two tens bo unplugged 
on the x side and the two thousands on 
the 4 - side and S — 45*5, thon* 

X = Vo f; x T 1S(T X 0 01 = 0-0000455 
standard ohm.' 

Conductivity Test of Copper Wire —For 
determining tlio conductivity of copper 
•wire, t.lio wire where it will coino in con- 
tact with the vices and knife edges must 
bo cleaned from all oxide. Then insert 
tho end in tho left-hand vice and clamp 
it. The right hand vice must now be 
set by tho pointer opposite the tempera- 
ture of tho specimen, as shown by the 
small scab*, which is graduated from 45° to 
75° F. Tho disLanco between the knife 
edges when tho pointer is opposite GO® F. 
is 816-06 m.m., and the scale is calculated 
so that the difference in length com- 
pensates for tho dilToronoo of resistance 
duo to temperature of tho copper. 

Proceed as before to moasure tho resist- 
ance (X), hiking note of the exact length 
in millimetres as shown by the metro scale. 
Then cut off by means of tho knives and 
ascertain its weight in grammes, and by 
simple proportion determine the weight 
of 816-06 m.m. (IF). The resistance of a 
pure copper wire 816 06 m m. long weigh- 
ing 1 gramme is 0 1 standard ohm @ 60° F. 


Thou tho conductivity per cent, of pure copper is 


Example— 


hen^li 

Wolfit m 

Weight of 

Rcaisbuico 
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% 
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.V 
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condiK-tlvity 

?00 m.m 
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0 00006. 
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Amsler’s Planimeter. 

If any figure on papor is moasurecl in tlie ordinary way with 
compass and rule, tho figure is first divided into triangles the 
area of which can bo calculated, and the sum of their aroas will 
give the area of the figure. 

This method was shortened very much in ,1827 by Mr. Oppen* 
toiler, a Swiss engineer, who invented nn instrument called the 
u Planimeter,” which measured tho area of plain surfaces by 
following the outlines of tho figure with a pointed tracer, which, 
being connected with a dial-plate, showed the area of the figure. 
This instrument soon came into general uso, although somewhat 
awkward and expensive. 



0 

Fio.217. 


In 1849 an improvement was made by Mr. Welty, another 
Swiss engineer, which was still rather clumsy. No further 
improvement was made till 1854, when Mr. J. Amsler, Professor 
of t Mathematics at Schaffhauson, introduced the Planimeter 
which is now in use ; the construction is simplo, the instrument 
can be carried about without fear of damage. One experiment 
showed that an area which after dividing it into triangles took 
nearly three hours, was done by Amslpr’s Planimeter in about 
two or threo minutes. 

Instructions for working tiie Planimeter. 

(1) Before working with tho instrument, adjust the screw 
centres upon which the index roller D revolves, so that the roller 
works freely, and does not touch the vernier. The same care 
must aho be taken with tho centro pin C. It is good to grease 
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the screw centres now and then, so tliat they work easily. Care 
should be taken to prevent the tube B , the tracer F, and the 
point E4vom being bent, and also to see that the barrel 1) is kopt 
uninjured. 

(2) To find the area of any figure, set the roller D and the 
counting wheel G to zero ; the square rod A must be pushed 
into the tube B, and the line on A marked 1 sq. dem., or 0*1 sq. 
ft. etc., must come e^on with the small line on the bevelled part 
of the tube B ; when this is done, place the instrument on the 
paper, and see that the roller I) } the tracing point F, and the 
needle point E touch the paper. Press the point E slightly into 
tho paper, and put the small German silver weight on the hole 
over tho point E ; tho instrument is thou ready for work. 

(13) Take any point P on the outline of the figuro about to be 
measured, set the tracing pomt F to that point, and when it is 
marked, read off the index roller D and counting wheel G. For 
example, supposo tho counting wheel G shows 2, the roller D 91, 
and the vernier 5, the number will be 291 '5. Follow the outline 
of the figure with tho point F as accurately as possiblo to the 
right, until you come to tho starting-point. Straight lines can 
be followed along a ruler ; thon read off the numbers on wheel 
and roller ; say it is the second time 476*7. 

(4) When theso two numbers are obtained, there are two cases 
to be observ ed — 

(1st) If the point E is outside the figure, subtract the first 
reading 291'5 from the second 476*7, tho remainder is 185*2, 
which shows that tho area contains 185*2 units. Of course the 
units depend entirely on the regulation of tho bar A ; if they are 
0*1 sq. ft. we have 185*2 x 0'1 = 18*52 sq. feet, as the area of 
the figure measured on the paper. 

The rule therefore is, when the point E is outside, multiply the 
difference of the two readings by the number on the bar to the 
right of tho corresponding division. 

* (2nd) When the point E is inside the figure, before making 
the subtraction, the number engraved on the top of bar A, above 
the corresponding line of division, must be added to the second 
reading. In this instance, suppose the number on top of bar A 
is 20*985, the second reading is 4*767, tho calculation would be 
as under — 
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2nd rending = 4-767 
Number over 01 sq. ft. = 20 085 

25-752 

Deduct 1st reading = 2 915 


Remainder 22 837 

The area is therefore 22 837 units or 22*837 x 0 1 — 2-2837 
square feet. It is of no consequence whether the roller is inside 
o?* outside the fig. ire, provided it is on the same level. 

(5) In measuring largo ligures, it may sometimes happen that 
the wheel G goes through one or two or more entire revolutions. 
If such is the case, 10,000 or 20,000, etc , must he added to the 
difference of the two readings before multiplication. 

There is another form of planimeter which measures surfaces 
in square inches only ) it is more simple than the other in con- 
struction, and can he worked with the above directions, always 
bearing in mind that tho result is shown on the counting wheels 
in square inches and not as in the other instrument in 0T square 
decimetres, or 0-1 square feet, etc. 


Amsler’s Planimeter for ' Determining the 
Mean Pressure in an Indicator Diagram. 

By the use of this instrument a great saving of time is effected 
in calculating large numbors of indicator diagrams, and the 
results obtained are more accurate than by any oilier method. 

DIRECTIONS FOR USING TIIE PjjANlMETlSr.. 

The diagram is carefully pinned to a perfectly flat board. The 
points 00 of the planimeter are adjusted so that the distance 
between them is equal to the length of the diagram projected on 
to the atmospheric line. Tho instrument is then placed upon the 
board, the point b being brought into agreement with any fixed 
point of the diagram, while the weighted point c is placed in.any 
convenient position outside the diagram. The point b is then 
passed once round along the linos of tho diagram. The indication 
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on the wheel P and disc S, when the point b lias again reached 
the starting-point, divided by 40 gives the mean height of the 
diagram inches. Supposing, for instance, that t lie wlicol P 
was adjusted to stand at zero beforo using tlio instrument, and 
that, after tracing the diagram, the disc N — which advances by 
one figure for overy ten revolutions of the wheel P — stands 
between 1 and 2, while the wheel P indicates 21*2, a vernier being 
provided for roading the last figure, then the resulting number is 
1212, and this divided by 40 gives 3 03, which represents the 
mean height of tho diagram in inches. Now, supposing that the 
diagram was taken by means of a No. 7 Richards Indicator 
Spring with a scab of 32 lbs. to tho inch, then the mean pressure 
amounts to 3 03 x 32 = !)G'9fi lbs. per square inch. 

In practice the calculation is somewhat simplified, as tho 
springs used are mostly of such scales that instead of dividing by 
40 and multiplying by the vertical scale, the mean presume may 
be obtained by simply multiplying by a factor corresponding to 
the scales used. 

In order to serine accurate results, tho instrument must be 
carefully cleaned before being u*ed, and the board must he 
perfectly flat. 


Thomp^jjh’s Indicator. 

The chief distinguishing feature of this Indicator consists in a 
novel parallel motion which is preferable to the motion employed 
in tho Richards Indicator on account of its greater lightness and 
rigidity. The irregularities in the diagram due to the inertia of 
the moving parts are consequently greatly reduced, and a figure 
is obtained which forms tho nearest possible approx imation to tho 
correct diagram. Tho parallel motion is carefully designed to 
ensure that the pencil point describes a straight line, and that tho 
motion of tho pencil point is precisely proportional to the dis- 
placement of tho indicator piston throughout tho stroke. 

Owing to its general efficiency, this indicator is also particularly 
applicable for high speods, and it has been successfully employed 
at a speed of 400 revolutions per minute. 

The piston is rigidly connected with the piston rod, which is 
guided in the cylinder cover, and in this way a perfect guide is 
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Table VITf. 

• List of Springs for Thompson’s Indicator. 1 ’ 


Si/cs, No 


Fc,r.res«ure.. -1 

„ „ . pto \“1 / 

Stall" l lb per sq inch 
equals .... inch 


0 

1 

a 

3 

1 

5 

0 

7 

8 

9 

10 

n 

12 
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-ir. 

-io 

-15 

-15 

-r. 

-15 

-15 

-15 

-15 

-15 

-15 

-15 

8 I 

ij 

18 

3U 

40 

50 

os 


95 

120 

150 

180 

200 

1 

A 


1 

1 «T 

i 

2 o 

i 

24 

1 

TO 


lii 


A 

73 

R l 0 


Small Thompson Indicator. 

This indicator is specially adaplcd for indicating high-speed 
steam engines, gas engines, etc., and will give correct diagrams 
at all engine speeds occurring in practice without the necessity of 
taking spieial precautions, and has the further advantage of 
being veiy portable. Jt is, therefore, eminently suited to tho 
requirements of the engineer or engineering student. Tho 
apparent disadvantage of a somewhat smaller diagram obtained 
from this indicator at slow speeds is moro than compqnsatod for 
by increased accuracy. 


Tyulk JX. 

List of Springs for Thompson's Small Indicator. 


Ni/( s, No 
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SU 

65 

rW 
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The Silvertown Portable Testing Set. 

This is a small collection of tho necessary instruments for 
testing electrically such insulated conductors as are used in tele- 
graph, telephone, or electric-light work. 

The whole set is contained in two small wooden boxes, of which 
one holds the batteries and the other the galvanometer, resistance 
coils, key, and commutatms required for making the two most 
important measurements on such circuits. These are measure- 
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ments of the resistance of the conductor, and the efficiency of the 
insulation. 

The battery consists of two parts: one— commonly called the 



bridge battery — is a set of three Icelandic cells of low resistance 
intended to be used in testing conductor resistances only, a pur- 
pose for which currents of electricity of sensible magnitude aro 
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required. The other part is a set of 36 small Leclanchd cells 
havipg a total electro-motive force of 55 volts, intended exclusively 
for measuring insulation resistances, or other resistances^ of con- 
siderable magnitude. These cells are designed to give only very 
small currents of electricity, and care should be taken not to 
connect them inadvertently to the Wheatstone Bridge or other- 
wise put them on a circuit of low resistance. This battery, called 



Fig. 221. 


the insulation battery, is subdivided into three sections of 3, 15, 
and 39 cells, so that electro motive forces of about 5, 25, or 60 
volts can be employed as may bo found convenient. 

For connecting the battery to the testing instruments con- 
venient leads are provided terminating in brass plugs with in- 
sulated handles for inserting in the proper plug-holes. The 
instruments shown in perspective in Fig. 221 are connected up 
together in their own box in such a way as to secure the greatest 
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portability and economy of space*, and to enable the two tests to 
be taken with the greatest readiness. 

A pl**n of this box showing the general arrangement of all 
the connections, resistance coils, and galvanometer is seen in 
Fig. 222. 

The galvanometer consists of a coil of fine wire on a brass 
bobbin, in the centre of which a small magnetic needle with an 
aluminium pointer is hung in the same way as is usual in com- 
passes. The pointer projecls tlnough the opening in the end of 
the coil, and the excursions of the needle are limited by the size 
of the opening to about 45° on each side of the centre. On re- 
moving the glass cover the nocdlo on its point may be taken out 
by withdrawing the slide on which it is pivoted from inside the 
coil. The scale, which is a scale of equal currents, is approxim- 
ately a scale of tangents, and is obtained empirically by calibrating 
the instrument. The north ond of tho magnetic needle points 
to the left-hand sido of the box when it is swinging freely in its 
zero position. 

On tho left-hand side of the box is placod the controlling 
magnet, and the position of this affects the sensitiveness of tho 
galvanometer. Whon tho north pole of tho controlling magnet 
is uppermost, the galvanometer will be most sensitive ; on turning 
the magnet round, so that tho south pole is uppermost, the de- 
flection of t ho needle due to any given current will be reduced 
by about 40 per cent. Generally in testing tho insulation of 
well -insulated wires, the galvanometer is roquired to bo as sensi- 
tive as possible, and tho north pole of tho controlling magnet 
should bent tho top; but for measuring conductor resistances, 
for which the galvanometer is generally amply sensitive, it will 
be found more convenient to bring the south pole uppermost, 
thereby causing the galvanometer needle to oscillate more rapidly. 

Besides thus affecting the sensitiveness of tho galvanometer, 
the magnet is also used to adjust tho needle to the zero in its 
position of rest by turning it slightly in one direction or the 
other. 

Tho shunts shown to the right of the galvanometer are also 
for .the purpose of diminishing its sensibility by shunting definite 
known fractions of the main curreift past the galvanometer when 
the plug is inserted in the desired hole. 
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If at any time the galvanometer needle should become in- 
sensitive and sluggish, it may be due to one of several causes, 
namely— V 

(a) That tlio needle has become demaghetized. This can be 
remedied by withdrawing and re-magnetizing it with an ordinary 
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to tbo makers for repair. This will probably have occurred 
either through the whole instrument having received a blow 
when #lie lid is open and the jewel resting on the needle point, 
or through the brass spring in tbo lid of tbo box being bent so 
that it no longer presses oil the lifter when the lid is closed, and 
the needle has consequently been resting oil the point while tbo 
box lias been carried about. 

The remainder of tlio box consists of the two-way plug switch 
on the left of the galvanometer, by means of which either a known 
standard or unknown high resistance can be separately inserted 
in series with the galvanometer. 

The spring tapping key seen on tbo left band lower corner of 
the box is for closing tbo galvanometer circuit when ordinary 
resistance other than that of insulation is being measured. 

The two riicular dials, marked ti ns and units, form the ad- 
justable resistance arm of tbo Wheatstone J fridge arrangement, 
and consist of two sots of ( J coils each, totalling 99 ohms wlcn 
both plugs are in the “9” holes, 0 when both plugs are in tho 
“0” boles, and infinity when both plugs are out altogether. 

A doAblcset of pmpoitional coils or h si "lances, each consisting 
of 10, 100, and 1000 ohms cods, completes Hie br'dge. These 
are connected to the row of blocks seen at. the bottom of Fig. 222. 

Tho terminals shown are for connecting tbo battery and nil- 
known resistance to. 


Evershed “Megger” and “Bridge-Megger” 
Testing Sets. 

The “Megger” Insulation Set. —The general principle under- 
lying the construction, as veil as the internal connections, of 
this sot will be seen by a reference to Fig. 22-1. As seen, the 
instrument is a combination of a magneto-generator on the right- 
hand side, with the ohmmoter portion on tbo left, in a somewhat 
upique form of magnetic circuit, common lo both and consisting 
of two pairs of field polos braced by strong bar magnets NS, NS t 
and forming two bi polar field magnets in series. In the right- 
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hand one, and rotated by a folding handle and spur gearing 2), 
is thp armature of tho generator with its brush gear P, and 
terminal bars marked -f and — . In the left-hand fielch is the 
current coil A , pressure coil P, and compeftsating coil C of the 
ohmmeter, connected to resistances <2 and P, a “guard plate” G , 
and the only two external terminals L and E (marked Line and 



Earth in Eig. 224), which shows the general view of thisset ready 
for use, with one end of tho carrying strap detached from its 
spring cleat, the scale lid lifted and driving handle unfolded 
ready for use. 

The arrangement and connections of the moving coil system 
of tho ohmmeter of this set are shown in Fig. 229, and that of 
the generator armature in Fig. 231, the coils of which are 
numbered consecutively in order of their winding, No. 1 being 
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next to the core. The generator of this set may be either of the 
variable or constant-pressure type. 

The/‘ Bridge-Megger ” Testing Set is available for use both 
as an insulation testing set and as a specialized Wheatstone 



f 



Fig 224 . 


bridge. It differs from the above set in outward appearance 
only by. the addition of two pairs of terminals at the left hand 
end, and of two switches near the top right-hand corner, as will 



Fig. 225 . 


be seen by Fig. 225, showing a plan photograph of the box 
containing the ohmmeter and generator. 

.One of the two switches is a Ratio Switch for varying the 
proportion of the two ratio arms, when the instrument is used as 
a Wheatstone bridge, so as to make the unknown resistance (X) 
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under test either equal la, or ^th, or 1 J 0 th of that of the standard 
resistance bo* //, Unis providing a wide range of measurement 
which cair he again increased by merely intmh i aging positions 
of the standard 11 and unknown resistances X relatively to the 
two pairs of terminals at the end (as seen in Figs. 44 and 45), 
which gives the unknown (A) now in terms of Rx 10 (or X 100) 
according to the ratio employed. 

The other, or lico-inn/ rhanyr-orrr smutch, when set to “ Megger” 
prepares the instrument for measuring large metallic resistance 



Fic 22t>. 

(vide p. 118), though pi inci] tally insulation resistance, by coupling 
the two windings of the constant-pressure generator in series 
and making the two front terminals, marked Line and Earth , the 
only two available for connection. 

When set to “ Jiridye” tho instrument is converted for Wheat- 
stone bridge work — the two windings of the generator being 
now coupled in parallel in older to increase the current obtain- 
able from it; the ohnnneter part 1x4 ng changed into a galva- 
nometer for the bridge ; and the arms of the bridge being 
switched into their appropriate places in circuit and connected 
to the only available terminals (namely, the two pairs marked 
11 and A” at the end) for use now on the instrument. 
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The variable standard direct-reading resistance box (/»') for 
use in bridge measurements is shown in plan, Fig. 22G, and is of 



the sliding-contact typo, operated by turning ebonite handles. 
The figuro appearing for each position of any handle is the resist- 
ance of that dial, and the total shown in Fig. 226 is 8,306 ohms. 
The complete internal connections of a “ Bridge-Megger ” set 
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with change-over switch set to “ Bridge ” are given in Fig. 227, 
while the connections forming tho usual bridge circuits are 
depicted in Fig. 228. 

Tho connections of the moving-coil systems are shown sepa- 
rately for tho “Megger” set, Fig. 229 — and “Bridge-Megger” 
set, Fig. 230 — while the armature connections of tho generator 
are shown for these sets respectively in Figs. 231 and 232, 



The Constant Pressure Generator for the “Bridge-Megger” 
set is shown in Fig. 233, the permanent bar magnets NS of Fig. 
223 being removed for clearness. 

The free-wheel attachment prevents the armature and gearing 
being damaged by any sudden stopping of tho folding handle, 
and permits the armaturo to bo driven in one direction only. 
Between the armature and gearing is interposed a centrifugal 
friction clutch comprising a drum driven by gearing, on which 
two arms, attached to the armature and fitted with pads at their 
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ends, are urged by springs. When the driving handle is turned 
above slipping speed, the speed of the armature, and hence its 
E.M.K.,*is extremely constant — varying as little as 1 part in 1000. 

The Index Adjuster, fitted to the latest constant-pressure 
sets, consists of a small piece of soft iron rod, mounted parallel 



Fm. 229. Fm. 230. 




to tho lino joining the centres of the field poles and close to the 
moving coil C\ Fig. 223. It is capable of being moved sideways in 
ono direction or tho other (relatively to C) by means of a knob. 

The rod becoming magnetized inductively by the polar field 
causes some of its field to pass through the coil 6’, and hence, if 
the rod is moved, its field also moves slightly, which at the 
“infinity” position of the moving systems causes a slight deflec- 



648 


ELECTRICAL ENGINEERINGS TESTING 



tion of the pointer ono way or the other, facilitating accurate 
adjustment to infinity. 

The adjustment docs not affect tho law of the instrument, 
which is altered only by the centie coil P. 


Standard Direct-Reading Electric Balance. 

Fig. 235 showB the general appearance (with glass cover 
removed), and Fig. 231 a part symbolical elevation of Lord 
Kelvin’s centi-ampere balance. 



(1) The instrument is founded on the principle of action of the 
mutual forces, discovered by Ampere, between movable and 
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fixed portions of an electric circuit. The shape chosen for the 
mutually influencing portions is circular, and each such part will 
be called for brevity an ampere ring, whether it consists, of only 
one turn or of any number of turns of tlio conductor. 

(*2) In this balance, each movable ring, B and ]?, is actuated 
by two fixed rings, AC and A'C ' — all three approximately 
horizontal. There are two such groups of three rings — two 
movable rings attached to the two ends of. a horizontal balance 
arm pulled, one of them up and the other down, by a pair of 
fixed rings in its neighbourhood. The current is in opposite 
directions through the two movable rings to practically annul 
disturbance due to horziontal components of terrestrial or local 
magnetic forces. 

(3) The balance arm is supported by two trunnions, each hung 
by an elastic ligament of fine wire f through which the current 
passes into and out of tho circuit of the movable rings. 

(4) * Tho mid-range position of each movable ring is in the 
horizontal plane nearly midway between tho two fixed rings 
which act on it. 

(5) The current goes in opposite diicctions through the two 
fixed rings, so that the movable ring is attracted by one of tho 
fixed rings and repelled by tho other. Tho position of the 
movable ring, equi-distaut from the two fixed rings, is a position 
of minimum force, and the sighted position, for the sake of 
stability, is abovo it at one end of the beam and below it at the 
other, in each case being nearer to the repelling than to the 
attracting ring by such an amount as to give about ^ per cent, 
more than the minimum force. 

(6) Tho balancing is performed by means of a weight which 
slides on an approximately horizontal graduated arm attached to 
the balance ; and tliuro is a trough t, fixed on the right-hand 
end of tho balance, into which a proper counterpoise weight W 
is placed, according to tho particular one of the sliding weights 
in use at any time (sect. 9 bolow). For the fine adjustment of 
the zero a small metal flag is provided, as in an ordinary chemical 
balance. This flag is actuated by a fork having a handle below 
tlie case outside, as shown at tho bottom of Fig. 235, To set the 
zero tho left-hand weight is placod with its pointer at tho zero of 
the scale, and the flag is turnod to one side or tho other until it 
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is found that, with no current going through the rings, the 
balance yests in its sighted position. 

(7) 1\) measure a current the weight is slipped along tho scalo 
until the balance rests in its sighted position. The strength of 
the current is then read off approximately on the fixed scale (called 
the inspcctional scale), with aid of the finely divided scalo for 
more minute accuracy, necoi ding to tho explanations given in 
sect.^11 below. KauJi number on tho inspcctional scale is twice 
tho squaro root of the corresponding number on the fine scale of 
equal divisions. 

(8) Tho slipping of tho weight into its proper position is 
performed by means of a self-releasing pendant, hanging from a 
hook carried by a sliding platform, which is pulled in the two 
directions by two silk threads passing through holes to tho out- 
side of tho glass ease. 

(9) Four pairs of weights (sliding and counterpoise), of which 
the sleilye or curriayc and its counterpoise constitute the first pair, 
are supplied with the instrument. Those weights are adjuslod 
in the ratios of 1:4:16: 64, so that each pair gives a round 
number oT amperes, or half-amperes, or quarter-amperes, or of 
decimal sub-divisions or multiples of these magnitudes of curront, 
on the inspcctional scale. 

(10) The useful range of each instrument is from 1 to 100 of 
the smallest current for which its sensibility suffices. Tho range 
of this instrument is from 1 to 100 centi-ampcres. Tho following 
table shows tho value per division of tho inspcctional scale 
corresponding to each of the four pairs of weights — 



Ontl-aini-prea 
]><.r dwibiou. 

First pair of Weights. 

. 0-25 

Second „ . 

. 0-50 

Third 

. 1-0 

Fourth ,, . 

. 2-0 


(11) The fixed inspcctional scalo shows, approximately enough 
for most purposes, the strength of tho current ; the notches in 
the ’top of tho aluminium scale show the precise position of tho 
woight corresponding to each of tho numbered divisions on the 
fixed scalo, ^liicli practically annuls error of parallax duo to the 
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position of the eye. When the pointer is not exactly below one 
of 'the .notches corresponding to integral divisions,- of the 
inspection^ scale, the proportion of the space on each side to the 
space between two divisions may be estimated inspectionally 
wife!' accuracy enough for almost all practical purposes. Thus we 
may readily read off 34*2 or 34*7 by estimation with little 
chance of being wiong by 1 in the decimal place. But when 
the utmost accuracy is required, tho reading on the fmo scale; 
of equal divisions must bo taken, and the strength of current 
calculated by aid of the table of double square roots given at 
tho end of this book. Thus, for example, if the reading is 292, 
we find 34*18, or say 34*2, as tho true scalo reading for strength 
of current ; or, again, if the balancing position of tho pointer 
be 301 on the fine scale, wo find 34*70 as tho truo reading of the 
inspectional scalo. 

(12) The conti-ampere balance, with a thermometor to test the 
temperature of its ampero rings, and with platinoid resistances 
up to 1600 ohms, serves to measure potentials of from 10 volts 
to 400 volts, and up to 2000 volts with specially constructed high 
resistances. 


Tarle X. 


Constant of the Centi-ampere Balance when used as a 
Voltmeter. 


Weight used. 

Resistance in 
circuit. 1 

Volfs per division 
of flvod scalo. 

First Pair of Wivghts 

400 

1-0 

„ „ 

800 

20 

„ ,, 

1200 

8 0 


j 1000 

40 


1 Including resistance of tho instrument, which la about 60 ohms. 


If the second pair of weights is used, tho constants will be 
double of those noted above. 

(1 3) Instructions for the Adjustment of the Standard Balances. 
— The instrument should be levelled in accordance with the 
indications of the attached spirit level, by means of the levelling 
screws on which the sole-plate of the instrument stands. 

(14) In this centi-ampere balance, the beam can be lifted off 
its supporting ligaments by turning a handle attaclwd to a shaft 
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passing under the sole-plate of the instrument. This shaft 
carries an eccentric, on tho edge of which rests the lower end of 
a vertical rod, which is fixed at its upper end to a tripod lifter. 
When the instrument is to bo packed for carriage, or when it is 
to be removed by hand from place to place, the lifter should be 
raised ; but when it is fixed up for regular use, it is advisable to 
keep the beam always hanging on tho ligaments. * 

(15) Tho carriage is fitted with an index to point to the 
movable scale, and is intended to remain always on the rail. 
One or other of the weights is to be placed on the carriage 
in such a way that the small hole and slot in the weight pass 
over the conical pins. The weights .are moved by means of a 
slider, which slides on a rail fixed to the sole-plate of the 
instrument, and carries a pendant with a vertical arm intended 
to pass up through tho rectangular recess in the front of the 
weight and carriage. The slider and weight are shown in position 
in the figures. Tho slider is moved by silk cords, which pass 
out at the ends of tho glass case. When the cords are not being 
pulled for shifting the weight, their ends should be left free so 
that the*pondant may haug clear of the weight. When a weight 
is to be placed on or removed from the carriage, the slider should 
be drawn forwaid at the top until it is clear of the weight, and 
then pushed to one side until the weight is adjusted, when it 
may be replaced in position in a similar manner. 

(16) Cylindrical counterpoise weights with a cross-bar passed - 
through them are supplied for the purpose of balancing the slid- 
ing weights when they are placed at the zero of the scale. The 
sliding weight should be placed so that the index of the carriage 
points to the zero of the scale, and the proper counterpoise 
weight should bo placed in the trough, fixod to the right-hand 
end of the beam, with its cross-bar passing through the hole in 
the bottom of the trough. The flag which is attached to the 
cross-trunnion of the beam should then be turned by means of 
the handle projecting from under the sole-plato, until the index 
on the end of the movable scale points to the middle one of the 
five black linos on tho fixed scale opposite to it. Care mist be 
taken when making this adjustment that the fork which moves the 
fag is not left in contact vnth it, as this would im^de the free 
swing of the beam* The fork should he turned back a little after 
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each adjustment of the flag, and, when the flag is being adjusted, 
it is better to watch the flag itself, and make successive small 
adjustments until the beam stands at zero, than to make, succes- 
sive trials by pushing round the handle' while watching the 
position of the index. 

If the ligament has stretched since the instrument was stand- 
ardized, the index at one end of the movable scale will be found 
to be below the middle line on its vertical scale, when tho index 
at the other end is correctly pointing to the zero position. The 
error so introduced would be a small one, but it may be easily 
put right by slightly loosening the screws fixing the 'pillared 
framo, which supports the movable beam, to the baso plate, and 
raising it by slipping one or two thicknesses of paper below it 
until the indices simultaneously point to their zero position. 

(17) A lens is supplied with each instrument for facilitating 
accurate observation, either when reading the position of the 
weight or when adjusting tho zero. 

(18) The vibrations of the beam may bo checked so as to 
facilitate reading by bringing tho pendant, which moves the 
weight, lightly into contact with it, in such a way as to give a 
little friction without moving the weights. 

(19) In using the centi-ampero balance as a voltmeter when 
great accuracy is required, care must be taken that the effect of 
change of temperature in changing the resistance of tho coils of 
the instrument, and of the external resistance coils, is allowed 
for; and in this use of the instrument it is advisable 1 to employ 
currents such as can be moasured by the lightest weight on the 
beam. When tho instrument .is to be used as a voltmeter, four 
resistances are provided, three of which are each 400 ohms, and 
the fourth is less than 400 ohms by tho resistance of tho coils of 
the instrument at a certain specified temperature. Tne smallest 
resistance is intended to be included by itself in the circuit when 
the lowest potentials are being measured, and in series with one 
or more of the others when tho potential is so high as to give a 
stronger current than can bo measured with the lightest weight 
on the beam. The correction for temperature is, for the copper 
coils of the balance, about 0’38 per cent, per degreo Centigrade, 
and for the platinoid resistances, about 0024 per cent, per degree 
Centigrade. 
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Anta- Inductive Resistance for the Kelvin 
Standard Electric Balances. 

When a balance of the above type, such as, for instanco, the 
centi-amjwre or composite instrument, is to bo used as a voltmeter, 
four resistances are provided, three of which are each 400 ohms, 
and 9 the fourth is less than 400 ohms by the resistance of the 
coils of the balance at a certain specified temperature. Those 
resistances are doubly wound so as to be non-inductive, and are 
made of platinoid wire, wound on suitable frames, so as to pre- 


v.w 






Fio. 23«. 


sent a maximum amount of cooling surface. The frames are 
enclosed in a box with apertures at the top to allow of the warm 
air getting out. Fig. 236 represents such a box for use with a 
Kelvin standard balance. The smallest resistance is intended to 
be included by itself in the circuit when the lowest potentials 
are being measured, and in series with one or more of the others, 
when the potential is so high as to give a stronger current than 
car- be measured with the highest weight on the beam. The 
correction for temperature is, for these anti-inductive platinoid 
resistances, about 0'02t%per degree Centigrade. 
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each adjustment of the flag, and, when the flag is being adjusted, 
it is better to watch the flag itself, and make successive small 
adjustments until the beam stands at zero, than to make, succes- 
sive trials by pushing round the handle' while watching the 
position of the index. 

If the ligament has stretched since the instrument was stand- 
ardized, the index at one end of the movable scale will be found 
to be below the middle line on its vertical scale, when tho index 
at the other end is correctly pointing to the zero position. The 
error so introduced would be a small one, but it may be easily 
put right by slightly loosening the screws fixing the 'pillared 
framo, which supports the movable beam, to the baso plate, and 
raising it by slipping one or two thicknesses of paper below it 
until the indices simultaneously point to their zero position. 

(17) A lens is supplied with each instrument for facilitating 
accurate observation, either when reading the position of the 
weight or when adjusting tho zero. 

(18) The vibrations of the beam may bo checked so as to 
facilitate reading by bringing tho pendant, which moves the 
weight, lightly into contact with it, in such a way as to give a 
little friction without moving the weights. 

(19) In using the centi-ampero balance as a voltmeter when 
great accuracy is required, care must be taken that the effect of 
change of temperature in changing the resistance of tho coils of 
the instrument, and of the external resistance coils, is allowed 
for; and in this use of the instrument it is advisable 1 to employ 
currents such as can be moasured by the lightest weight on the 
beam. When tho instrument .is to be used as a voltmeter, four 
resistances are provided, three of which are each 400 ohms, and 
the fourth is less than 400 ohms by tho resistance of tho coils of 
the instrument at a certain specified temperature. Tne smallest 
resistance is intended to be included by itself in the circuit when 
the lowest potentials are being measured, and in series with one 
or more of the others when tho potential is so high as to give a 
stronger current than can bo measured with the lightest weight 
on the beam. The correction for temperature is, for the copper 
coils of the balance, about 0’38 per cent, per degreo Centigrade, 
and for the platinoid resistances, about 0024 per cent, per degree 
Centigrade. 
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Constant op Composite Balance when used as a Centi- 
' ampere Balance. , 


Weight used. 

•Sledge + VW v 

„ + VW v 

» + VlV v 


;i-nmper , 
of Fixed Seal®. 

0*5 
10 
2-0 


The volts on the terminals are calculated from the current in 
amperes and tho resistance in ohms (including tho anti-inductive 
resistance, if any) in circuit. If V be volts, C curront, and R 
resistance, 

V=CR. 

The anti-inductive resistance is arranged so that the instru- 
ment reads a round number of volts per division. 


Table XT. 

Constant of Composite Balance when used as a Voltmeter. 

Rrslstanco VoltR per Division 

in Circuit. 1 ot Fixed Scale. 

200 . . 1 0 

. 400 . . 2*0 

. 800 . . 4-0 

of tho lnstiumuit, which is about 30 oluns. 

If the second pair of weights (Sledgo + F1F 2 ) bo used the con- 
stants will be double of those noted above. 

(5) To use the instrument as a hekfco ampere meter the switch 
is turned to “ Watt ” and the thick wire coils inserted in the 
current circuit in such a way that the right-hand end of the 
beam is repelled up. Either the sledge alone or tho weight 
marked W}V is to bo used in this case. A measured current is 
then passed through tho suspended coils, and the constants given 
in the certificate for the balance used in this way are calculated 
on the assumption that this current is, as there stated, 0‘25 
ampere, but any other current which is convenient in the cir- 
cumstances may be used. The current through -the suspended 
coils may be measured by means of the instrument itself arranged 
for the measurement of volts. This may bo done by first mea- 


Woiglifc used. 

Sledge + nr, 


1 Including thou Wince 
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suring the current which the difference of potential between the 
supply conductors of an electrical installation, or between the 
poles o$ a battery, causes to flow through the coils of the instru- 
ment and its external resistance, and then turning the switch to 
“ Watt,” and at the same timo introducing a resistance into the 
circuit equal to tlio resistance of the fixed coils. 


CONSTANT OF COMPOSITE BALANCE WHEN USED AS A IlEKTO- 
ami'kue Balance. 


Weight used. 
Sledge + W\Y V 

„ + inr Sf 
„ + ir/r ;l , 


Amperes )ior Divinion 
o 1 Movable Scale.* 

. 0-250 

. 0-500 

1-000 


* With 0 25 umpuo through uunablo coils. 


N.B. — 'The constants vary inversely as the current through the 
fine wire coils. 

(G) To use tho instrument as a Wattmeter, one terminal of the 
fine wire, coils is joined to one end of the anti-inductive resist- 
ance and tho other terminal to one of the leads ; the other end 
of the resistance being joined to tho other lead, flie thick wire 
coils are inserted in the main circuit as described in sect. 5 above. 
With tho instrument thus joined up, the current through the 
suspended coils and tho KM.F. between the leads may be obtained 
by the operations described in sect. 4 above, since the presence of 
the thick wire coil in the circuit causes no appreciable error : 
or tho E.M.K. may be taken from the electrostatic voltmeter 
used on the circuit, and from its indications tho current in tho 
suspended coil circuit calculated. Tho waits are then to ho 
calculated from the E.M.F. on tho leads and tho current through 
the thick wire coils by the formula 

W= VC =cCR, 

whore c is the current in the suspended coil circuit, C the current 
in the thick wire coils, and It the resistance in tho circuit. 

The weights sent out with the instrument are arranged to give 
a round number of Watts per division of the scale with a known 
anti-inductive resistance in series with the fine wire movable 
coils. 
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Table XII. 


Constant* op Composite Balance when used as a Wa^meter. 


We!glit need. 

Resistance in Circuit 
with Movable Coils.i 

Watts per Division 
of Movable Scale. 

Sledge + TFIFj, 

. 200 . 

. 12-5 

» >» 

. 400 . 

. 25-0 

» » 

. 800 . 

. 500 

„ + TFIKj, 

. 200 . • 

. 25-0 

» » 

. 400 . 

. 500 

>» >» 

. 800 . 

. 100-0 

„ + w\v, t 

. 200 . 

. 50-0 

>> V 

. 400 . 

. 100-0 

}> JJ 

. 800 . 

. 200-0 


i ii 


eluding resistance of niovah 


le coils, which is about 12 ohms. 


Adjustable Magneto-static Current Meter. 

(1) The magneto-static current meter (Fig. 238) consists essen- 
tially of a small steel magnet or system of magnets suspended in 
the centre of a uniform field of forco duo to two coils, each having 
ono or more turns of copper ribbon or wire, and also under the 
directive influence of two systems of powerful steel magnets. 

(2) The suspended system of magnets is attached to one end of 
a vertical shaft passing down centrally through an opening in the 
solc-plato of the instrument from an indicating needle, which is 
supported by a jewelled cap resting upon an iridium point. 

(3) Tlio two systems of directivo magnets are circular in form, 
and each ring is composed of two semicircular magnets placed in 
a brass cylindrical frame with their similar poles together. Each 
system is securely fixed to a circular brass frame, which fits on to 
the cylindrical case of the instrument in such a manner that the 
systems are capable of being turned round, together or separately, 
as explained below. 

(4) The instrument has a “ tangent scale,” which is adjusted 
in its position before the instrument is sent out, so that the needle 
indicates equal differences of readings for equal differences of 
current. The scale consists of a hundred divisions, and for most 
purposes it is convenient to set the field magnets in such a position 
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that the needle points to 0, and to use the scale from that point 
upwards towards 100. Sometimes, however, it may be found 
convenient to measure currents, whose direction is being occasion- 
ally reversed, without being at the trouble of reversing the 
electrodes in the contact clip; in that case the zero should be set 
to the division 50 at the middle of the scale, and readings taken 
on each side of it. It must be remembered that when the point 
taken as zero is changed, the constant , by which the indications 
of tRo instrument have to bo multiplied to give the current in 
amperes, is changed in proportion to the cosine of the angle 
between tho zero point and the middlo of the scale; and as this 



angle is 60*, the constant with the zero at 50 on tho sealo is 
exactly double tho constant with the zero at 0 on the scale. 

(5) The instrument is provided with a “ lifter,” which serves to 
raise the needle off the iridium point when it is being moved 
about from place to placo. This lifter is in the form of a ring 
placed below the needle, and may be raised or lowered by turning 
the handlo attached to an eccentric passing through the side of the 
instrument on a level with the scale. It also serves as a checker, 
by bringing it lightly into contact with the pointer, so as to stop 
ite vibrations. 

(6) The instrument has an advantage, important for some 
practical purposes, of being available as an accurate direct-reading 
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current meter, through a continuous range of from 1 to 100 times 
its .smallest current, which may be anything from half a milli- 
ampere to 4 amps., according to the number of turns in tho coils 
supplied with the instrument. It is not, however, a\ ailable as an 
alternate current instrument, and it must be remembered that 
the magnetism of the steel directing magnet does not remain 
absolutely constant. With good quality of steel, a proper pre- 
liminary agebuj of the magnet (by heating it several times in 
boiling water and cooling it again, and subjecting it to somewhat 
varied rough usage) brings it to a condition in which its magnetism 
is found to remain exceedingly neaily constant month after month 
and year after year. Still, it should never bo relied upon as 
absolutely constant, and for accurate laboratory work it is there- 
fore necessary to occasionally standardize it. 

(7) Another advantage which the instrument has is that, whon 
a standard instrument is available, its constant is capable of being 
varied to any desired value down to one-tenth of that which it has 
with its directive magnets in their strongest position. Thus if 
the constant should be 3 amps, per division of the scale, with the 
similar poles of tho magnets coinciding, it may bo adjusted to any 
value down to 0 3 amp. per division. 

(8) Instructions for Use of the Magneto-static Current 
Meters. — The instrument should bo levelled, in accordance 
with the attached spirit-level, by means of the levelling 
screws. 

(9) To Adjust the Toi »ler to Zero— {a) Loosen tho two lower 
milled-headed screws clamping tho magnet frame, and turn the 
frame round till the pointer stands at zero, (b) Iteclamp the 
frame by tightening the two screws. 

(10) Adjustment of the Scale . — The scale, as stated above (sect. 
4), is firmly clamped in its place before sending the instrument 
out, and this position is marked by two lines on tlio outside of the 
case, one horizontal and the other vertical, just below tho 0 of 
tlio scale. The horizontal line is engraved below the movable 
top of the instrument, and tho vertical one on the side of the case. 
Should tho top of the instrument have been inadvertently moved, 
and the scale thus put out of adjustment, it may bo set right by 
slightly loosening the two slotted screws and turning the top 
round till the extremities of tho two lines coincide. 
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(11) If fclie needle should by accident be slightly bent, 1 and so 
render a new adjustment of the scale necessary, this may readily be 
made in/he following manner : — Set the zero, by the field magnets, 
to the division 50 at the middle of the scale, then join the instru- 
ment in series with another current instrument of convenient 
form, and pass a current through both sufficient to give a deflec- 
tion of about 40 divisions on the magneto-static instrument ; 
reverse the current t on tho magneto-static instrument only, and- 
set the scale so that equal deflections, read in divisions, are given 
on each side of the zero for equal currents, as indicated on the 
auxiliary instrument. The zoro must, of course, be reset by the 
magnets every time the scale is moved. When the scale has been 
adjusted to this position, firmly clamp the top of the instrument 
by the two slotted screws, and again mark the position of the 
horizontal line on the outside of tho case. 

(12) Adjustment of Constant . — The constant may be quickly 
varied as follows : — Join the instrument in series with any reliable 
current instrument of known accuracy, such as the deci-ampei e 
balance, and pass a convenient current through both instruments, 
observing *the readings. Break the current, loosen the two upper 
pairs of milled-headed screws, and turn tho top system of magnets 
relatively to the lower, so that the similar poles of the two 
systems are brought closer together or moved further apart, 
according as it is desired to make the instrument respectively less 
or more sensitive. Rcclamp the screws and adjust the zero as 
described in sect. 10. Again make the current, and note the 
reading on tho two instruments. The desired reading ou the 
magneto-static may be obtained quickly after one or two approxi- 
mations, care being always taken to readjust the zero after each 
movement of the top magnets. 

(13) When convenient it is always best to standardize the 
instrument in the place where it is to be used ; but when it is 
intended to move it from place to place, it should be standardized 
in such a position that when tho needle is pointing to zero it is in 
a direction approximately east and west. 

1 Jf it is bent so largely as to be perceptible to the eye, it ought to be 
straightened by luuid as nearly aa may be. 


00 
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Electrostatic Voltmeters. 

L 

These voltmeters have the great advantage of being available 
as nocurate measurers of potential on direct and alternating 
systems, and, being electrostatic, they use no current, and conse- 
quently require no tomperaturo correction. They are therefore 
free from the causes of error so prevalent ip instruments of the 
electro-magnetic type, whoso accuracy is impaired by variations 
of temperature, and which when used ou alternating systems are 
affected by errors duo to self-induction ranging with the period 
of alternation. 

The instruments are made on the principle of an air con 'leaser, 
having one of its parts movable about an axis, so as to increase 
or diminish the capacity. The condenser is enclosed in a metal 
case, for the double purpose of protecting the movable part from 
air currents, and fiom the disturbing influence of any electrified 
body, other than the fixed portion, differing from it in potential. 
In these instruments, the fixed poitions consist of two set 6 ! of 
quadrant-shaped cells in metallic connection with each ’other, and 
formed by a number of parallel bra-s plates. These cells are 
fixed by an insulating support to the caso of the instrument, and 
a terminal passes from them to an insulated binding screw on 
tho outside of the case. 

The movable portion in all tho instruments is in metallic con- 
nection with the surrounding case. In t he multicellular volt- 
meters this connection is made thiough the suspending wire. 
The movable poition carries the pointer, which indicates by direct 
readings the difference of potential between the tv\o parts of the 
condenser. 

The action of the instrument, shortly stated, is as follows: — 
When the fixed and movable plates are connected respectively to 
two points of an electric circuit, between which there exists a 
difference of potential, the movable plate tends to movo so as to 
augment tho electrostatic capacity of tho instrument, and the 
magnitude of the force concerned in any case is proportional to 
the square of the difference of potential by which it is produced. 
In the multicellular voltmeters this force of attraction is balanced 
by the torsion of the suspending wire. 
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The Kelvin Multicellular Electrostatic 
Voltmeter. 

Tlie arrangement of the parts of this instrument is shown in 
Figs. 239, 240, and 241, These figures apply to an early form of the 
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voltmeter, and differ in two matters of detail from the voltmeter 
as now made. For simplicity in manufacture the cells are now 
made with straight backs, and the plates looked at in plan are, 
therefore, triangular instead of square, as shown in Fig. 241. A 
coach-spring kds now been interposed between the suspending 
wire and the spindle carrying the vanes, as explained below. 
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* The insulated cells are formed of triangular brass plates fixed 
into saw cuts in a brass back piece so as to bo equal distances 
apart and accurately parallel to each other. Two sets' of those 
cells C are fixed relatively to each other, eta shown in Fig. 240, by 
a vulcanite support to the sole-plate, so that their plates are 
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horizontal, and are completely enclosed within the brass cylin- 
drical case of the instrument. 

On the top of this cylinder is a shallow horizontal circular 
scale-box containing the scale of the instrument, and having a 
glass cover, which serves to protect from currents of air the 
movable indicator /, and the scale and interior parts from dust. 
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For the movable part a number of vanes, V, similar in form to* 
those of # the quadrant electrometer are used. These vaues are 
placed parallel to each other on a spindle with distant pieces 
between them. The top end of this spindle passes through a 
small hole in the sole-plate of the instrument, which forms the 
bottom of the scale-box, and is attached to a small coach-spring, 
which in turn is secured to one end of a fine iridio-platinum wire 
suspended from a tension hoad at the top of a vertical brass tube. 



The torsion head may be turned by means of a forked key pro- 
vided for the purpose, and is clamped, to protect it from accidental 
displacement, by a cap which screws on to the end of the tube. 
The coach-spring has sufficient resilience to allow the spindle to 
touch a guard stop, and so saves the suspension from injury in 
event of the instrument being roughly set down. 

•Two vertical biass repelling plates, which also act as guard 
plates to prevent the movable part from turning beyond its 
prescribed limits, are fixed to the bottom of the sole-plate. These 
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two plates carry a guide plate, (r, with a circular opening in it, 
through which the lower end of the spindle passes. A little brass 
disc, or head, 1), is attached to tho end of , the spindle, sufficiently 
large to prevent its passing back through the hole in the guide 
plat Thus the movable part is effectually secured from swinging 
about so as to be injured, and by no possibility can it come into 
contact with the insulated quadrants. When the instrument is 
level the spindle hangs free by the suspending wire, so that, the 
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vanes are horizontal, and each is in a plane exactly midway 
between those of two contiguous condenser plates. 

An alumiuium needle attached to the top of the spindle indicates, 
on the horizontal circular scale fixed to the upper side of the sole- 
plate, the difference of potential between the movable and fixed 
portions of the condenser by direct readings in volts. 

Engine-room Pattern Multicdlidar . — The description of the 
instrument given above refers to the horizontal scale or laboratory 
pattern. Tn the new engine-room pattern (Fig. 242 a and b), the 
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parts are in every way similar, but the instrument has a vertical 
scale. A vane attached to tlie spindle turns in an oil dash-pot 
and gives the instrument a dead-beat action. 

Portability.— A small thumb-screw is placed in the centre of 
the base plate below the instrument, which can be screwed in so 
as to lift the weight of the spindle and vanes from the suspending 
wire and clamp the disc on tho end of the spindle against the 
guide plate. A lifter or checker is also provided similar to 
thaf used in tho magneto-static instruments. 

A switch is attached to tho insulated terminal of the instrument 
by which the voltmeter can be taken out of ciicuit when desired. 
The switch, after breaking circuit, puts the case and the in- 
sulated colls in metallic connection. 


Instructions for this Use of the Multicellular Electrostatic 
Voltmeter. 

When received from the maker the indicator needle with 
attached vanes will he found supported by means of tho thumb- 
screw below tho instrument, and also by tho circular lifter, 
or checker, turned up so that tho weight of tho needle and vanes 
is taken oil the suspending wire. 

Tho scale is graduated to read directly in volts. 

To set the instrument up for use.— (a) Unscicw tho thumb- 
screw, and turn down tho checktr, so that the needle swings 
clear ; (b) levol tho instrument so that the spindle of tho vanes 
passes down centrally through the intersection of the two black 
cross-lines on the sole-plate. 

To adjust the zero, if necessary. — U nsrrew the cap on the top of 
the tube, remove the washer, turn the torsion head by means of 
tho forked key until the pointer stands at 0 on the scale. Replace 
tho washer and screw on the cap again. Bofore adjusting the 
zero turn the switch so that the insulated cells are in metallic 
connection with the case. 

Arrangement for portability . — When the instrument is to be re- 
moved from place to place, see that the needle is lifted by turning 
up the checker, and when it is packed for use as a portable in- 
strument, always screw up the thumb-screw as mentioned above. 

As aluminium is electro-positive to brass, the instrument reads 
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about j of a volt too low when the positive pole of a battery or 
dynamo is attached to the upper or insulated terminal of* the 
instrument ; and about \ volt too high if connected', in the 
opposite direction. With alternating currents it is coirect. 
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Crompton D’Arsonval Galvanometer. 

A convenient form of sensitive galvanometer, designed for 
laboratory use, with a large range of adjustment, and made by 
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circular coil of wire hangs by a bifilar suspension between the 
pdes of a permanent magnet, an iron core being fixed in the 
centre. The suspension ligaments are of very thin coppe? strips, 
and are connected to tho coil by means of a silver clip, which 
allows the coil to bo easily disconnected. 



Fig. 245 . 

Tne mirror is hung from the coil by fine aluminium hooks 
passing through holes pierced in the mirror, so that this is easily 
detached, and is not distorted by the sotting of cement or the 
pressure of a clip. 




ELECTRICAL ENGINEERING TESTING 


571 


Fig. 5145 shows the construction of the bifilar suspension head. 
The ligjynents are attached to two pins aa fixed in o disc, by 
turning which the tensions of the two may be made equal. 
They pass over two pins bb placed on another disc, by turn- 
ing which the distance between the ligaments may be ad- 
justed, and the sensitiveness of the instrument increased or 
diminished. 

The whole head is* raised or lowered by turning the milled edge 
C, and is rotated slowly by turning the worm spindle d. 

Tho two pillars by which the cover / is secured servo as the 
terminals of the instrument. 

Coils aro made having different numbers of turns from 100 
upwards, and the sensitiveness of the instrument when adjusted 
to give a complete period of oscillation of from eight to ten 
seconds is nearly as follows — 


Taulk Mil. 


No of Turns 

Resistance, tnclud- 

Deflection of bean 

m minutes of Arc 

on ('oil. 

mg Ligaments. 

For 1 Micro- volt. 

For 1 Miero-anijmie 

100 

2 olnns 

0 

35 

300 

30 „ 

3 5 

105 

1000 

... 

1000 „ 

00 

350 


The coils can be fitted with small closed rings of copper, which 
damp their movements to any desired degree. 

Without’ these the coils are for practical purposes perfectly 
ballistic. 

An electric lamp used without a lens is the most convenient 
light for the above galvanometer, the filamont being focussed on 
the screen by the mirror. This latter is large (25 m.m. diameter) 
and ground to a radius of one metre. 


Sensitive Portable Galvanometer. 

.When a Wheatstone Bridge has to be used for outride work, 
other than in *a test-room or laboratory, or when fairly delicate 
tests have to be made on tho “ lino,” a portable type of galvano- 
meter or detector which is as sensitive as possible must be 
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available. One of the best forms of such an instrument is illuB- 
trittcd in Fig. 246, It consists of a fairly flat-shaped coil of 
fine insulated wire, having t, resist- 
ance usually of between 1000 and 
2000 ohms, placed on its side in a 
brass contain-caso provided with a 
glass top and glass window in the 
side just opposite the scale. A 
magnetic needle, to which a long 
light pointer is attached, is pivoted 
between jewelled bearings in the 
middle of a flat rectangular brass 
tube which is capable of being 
slipped inside the similarly shaped 

aperture m tnc coil of wire. 

The pointer* protrudes outside one end of tho coil and moves 
over a suitable scale, part of which is seen to the left of Fig. 
246. A stiip of mirror is let in under the scale and shows 
through an aperture in it, thus enabling errors due to parallax 
to bo avoided. A needle clamper, actuated by a button on the 
odge of the case, enablos the needle to be clamped during 
transport and damage to the pivoting thus avoided. 

When no current flows the magnetic exes of coil and needle 
are perpendicular, when the pointer is at 0 at the middle of the 
scale. Then tho effect of a current is to cause the needle to set 
’itself parallel to the axis of the coil, so giving a deflection to one 
Ride or the other of zero. This form of instrument is a very 
sensitive one and very suitable for portable work with a Wheat- 
stone Bridge. 



Fig 24 U. 


Parr’s Direct-Reading Dynamometer 
Measuring Instruments. 

These instruments depend for their action on the,mutuat force 
of repulsion between two circuits or coils carrying either the 
same or different currents, one n'rcuit being fixed and the other 
movable. Tho instruments, which have been devised and per- 
fected by tho author, possess some very important properties 
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that it may be well to note here. They contain no iron what- 
ever and very few metal parts, consequently they moasure 
either tfie true watts , volts ) or amperes, as the case may be, in 
any alienialing cwn'ent circuit , nnd are quite independent of the 
periodicity of the circuit. They are of the switchboard type, 
direct-reading , and have extremely open scales, extending over 
i^ths of the circular dial. 
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Fig. 247 shows an ammeter for 84 amperes, tin scale gradu 
ations commencing at 3 amps, and continuing nearly uniformly 
to the end. Fig. *248 shows an internal view of this same 
7-inch ammeter. As seen it consists of two fixed coils and two 
moving coils, carried at the end of a horizontal arm capable of 
rotating on a vertical spindle pivoted in jewelled centres. This 
spindle has rigidly attached to it a horizontal arm, to the end of 
which is fixed a flexible metallic strip that passes almost once 
round a special pulley carried by a horizontal spindle moving in 
jewelled centres and carrying the pointer at tho front end, a 
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hair-spring, and balance-arm for tho pointer. The moving coils 
apd pointer are controlled by the hair-spring, the tension of 
which ca!n be adjusted by a moving arm. Current is' r lot into 
and out of tho moving coils through noir-spillable mercury cups. 
A damping vane and trough is added, also unspillable, by means 
of which the instruments are made dead beat to any desired 



Fig. m 


extent. The moving coils are clamped by a suitable arrange- 
ment during transport and seen to the right of Fig. 248. The 
moving coils are in contact with their respective fixed coils 
when the pointer is at 0 and no current flows. Repulsion 
ensues when a current is sent through the instrument^ and 
according to whether it is an ammeter, voltmeter, or Wattmeter, 
so the pointer deflects and indicates directly the' quantity to be 
measured. The instruments of course read equally accurately 
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on direct-current circuits, and having such very wide, open and 
uniform scales, a 6-inch instrument can be read with certainty 
many jjards away. 

Siemens Torsional Voltmeter. 

This instrument may bo used either as an ammeter for very 
small currents or as a voltmeter with a very extended range, 



Fig. 24*?. 

end provides a good example of the method of converting one 
into the other. 

Jt consists of two coils, wound with fine insulated wire, and of 
elongated oval 'section, with thoir axes collinear and horizontal. 
They are connected in series and wound so that the north pole 
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of one faces the south pole of the other, t. e. the two coils may 
he. regarded as one coil with a gap in the centre. 

Between the coils is placed a horse-shoe or bell ' •magnet 
suspended by a silk fibre. A spiral spring is attached to the 
magnet and to a torsion head at the top of the case, so that by 
turning the head, a twist is applied to the magnet, proportional, 
of course, to the angle of turning of the torsion head. To the 
magnet is attached a pointer, for the zero position of which the 
magnetic axes of coils and magnet are at right angles. 

The magnet also carries an aluminium vane, moving between 
two brass cheeks which act as stops, the vane assisting in 
stopping the vibrations. 

On passing a current through tho coils so as to induce the 
polarity indicated by the small letters ns, ns (Fig. 250), which 
represents a symbolical sectional plan of the coils C and needle NS 
iii a horizontal plane passing through their centres, the magnet 
NS tends to turn counter-clockwise in the direction of the 
arrow, so that its magnetic axis would coincide with that of 
ns, ns. Then the angle through which the torsion head has 
to be turned (in a clockwise direction) in order to bring the 
magnet pointer back to zero measures tho moment of the couple 
exerted by the coils on the magnet, i. e. the current flowing 
through those coils. 

Tim coils C together have a resistance of 100 ohms in the 
instrument illustrated, and it is wound with such a number of 
turns that when 1*7 volts are placed across the termfnals of the 
instrument itself, the torsion head makes one completo turn 
or 170 divisions to bring the magnet pointer back to zero, 
lfence 1 scale division = 0-01 volt. To make it read 0T and 1 
volt per division, 900 and 9900 
ohms respectively must be put 
in series with the instrument, 
wheu the extremities of the com- 
bination will now form the volt- 
meter terminals. These extra 
anti-inductive resistances are con- 
tained in the receptacle to the 
left in Fig. 249, which is provided with a plug top for inserting 
these resistances at pleasure. They should be wound with a 
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material having a high specific resistance and low temperature 
coefficient of variation of resistance for reasons already given. 

This M instrument can be used as a low-reading ammeter, for 
since 1 division = 0*01 volt and the whole resistance of its coils 
*=100. ohms, .'.1 division *= = 00001 ampere. 

Adjustment of voltmeter.— If the magnet has been clamped 
for transport, release it by turning tho milled-headed rod which 
passes through the edge of the base at the back. 

Very carefully level the instrument by turning t-lie levelling 
screws so that the pointed pin, attached to the moving magnet, 
is just over tho cross marked on the fixed stud under it. The 
moving system should now be quite free, at all events laterally. 
See therefore that this is the ease. 

The height of the moving magnet can ho adjusted to give 
freedom of motion by carefully turning the milled-headed pin 
which passes into the torsion head at the top of the instrument. 
Set the torsion head with its pointer to zero, and thou bring tho 
magnot pointer to its zero by turning the wooden base which 
carries tho coils. Fix the instrument in tin's position by turning 
the milled-headed pin which projects from under the base. In 
usiug the instrument thus adjusted to measure current, place it 
directly across the low resistance provided, and to measure 
higher voltages connect it in series with the separate anti- 
inductive resistance provided with it, when tho extremities of the 
‘ combination will then be the terminals of the voltmeter. 

Caution. — Make quite sure that tho correct resistance is 
plugged in, otherwise tho instrument may be fused up. The 
plug may be used as a make and break koy. Boing a -f and — 
instrument, it must be connected up in circuit that tho magnet 
pointer tends to move in the opposito direction to that of the 
torsion head 


Siemens Electro-Dynamometer. 

This instrument depends on tho electro-dynamical action of one 
circuit which carries a current on another circuit carrying either 
the same or a different curront, and is illustrated in Fig. 251. It 
consists of a base supported on three levelling screws and carrying 

PP 
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the other to the top of the moving coil, which is thus controlled 
by the turning of the head. Electrical connection is made with 
the moving coil through two mercury cups into which its ends 
dip and which are directly in a line, wider the point of suspension. 
A milled -headed pin or rod, carried by a light support, seen at the 
back of the scalo, passes through the hollow torsion head, and has 
attached to it the silk thread that suspends the movable coil and 
which passes down through tho torsion head. Hence, by turning 
the? rod round the swing coil can bo raised oi lowered so as to 
clear the oilier fixed fittings. The moving coil, which may consist 
of inoro than one turn, can be raised and damped during transport 
by a spring clamp (uot seen in Fig. 251) at the back, controlled 
by a milled nub. The instrument requires to be carofully levelled 
before using to ensure perfect freedom with the moving coil. Tho 
levelling screws and spirit-level are added for this purpose, though 
sometimes a plumb line is used in place of the latter. The fixed 
and moving coils arc in simple series ; one end of each of the fixed 
coils goes to tho outside terminals, the other ends both to the top 
mercury cup and the lower cup to the cenfre or common terminal. 
Thus thore are two sensibilities, viz. tho moving coil in series with 
either fixed one, according to whether the centre and ieft or centre 
and right pair of terminals are in uso. Since at the actual 
moment of measuring a current by the dynamometer, tho fixed 
and movable coils aio always in the same position (i. e. their axes 
perpendicular) relatively to one another, due to the index pointer 
on the moving coil alwa) s being brought back to zero by turning 
tho torsion head, the couple or force, whether of attraction or 
repulsion, exerted by ono coil on tho other is Fee C l x C\ 2 ec C 1 x C x 
^ C Y 2 vvliero C { and C i are tho curronts in the two coils which are 
equal or tho same. But this forco is just balanced by the force 
of torsion exerted by the spring x angle of torsion or tho deflection 
J) of the torsion head. Hence, I) <e C 2 , 

. C x y/1), 
or C=Ky/D amperes, 

where K is the constant for the particular fixed coil used which 
gives an equatibn of equality. 

This is the law of the Siemens electro-dynamometer. 

Some of these instruments have scales divided into numbers 
x to the squaro roots of the usual divisions, and in such cases the 
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current C^Kx scale reading simply. In using these instruments 
cane must be taken to either twist the “ leading in and out ” leads 
together, or run them very close so that the swing coil may not be 
affected by the current in these leads. 

Ir calibrating or using the instrument with direct currents, it 
must be so placod that the plane of the suspended coil when in 
its zero position is perpendicular to the plane of the magnetic 
meridian of the earth. The reason for this is, that when the swing 
coil carries a direct current it is acted on by the earth’s magnetism 
independently of the action due to the current in the fixed coil, 
and tho position of rest for the first cause is when the planes of 
the magnetic meridian and swing coil are at right angles. For 
alternating currents there is no such action. 


Siemens Dynamometer-Wattmeter. 

Except for the swing or movable coil, this instrument is 
precisely similar to the preceding dynamometer. It is illustrated 
iu Fig. 252, which indicates two or throe alterations to tho general 
form of the Wattmeter, which the author has thought it bene- 
ficial to make. The ono illustrated is provided with two thick 
fixed coils, as in the dynamometer, Fig. 251, connected directly to 
the three large terminals in the middle, so that two distinct ^ 
sensibilities can be obtained instead of usually only one. 

The swing coil now consists of many turns of fine insulated 
wire wound on a light rectangular frame of ebonito or boxwood. 
Only a few of the turns are wound inductively, tho rest being 
doubly wound and therefore non-inductive. The total resistance 
of the swing coil is, however, that due to the sum of all the turns, 
which may amount to 5000 ohms or more. Current is led into 
and out of the swing coil through thicker wires soldered to the 
fine wire and which dip into the two mercury cups. These last- 
named are directly connected to a separate pair of small terminals 
seen on the extreme right and left, having no electrical connection 
whatever with the thick coik 

The scale is provided with a mirror for the purpose of avoiding 
errors due to parallax in reading the position of the torsion head 
pointer. The mirror glass covers the scale, but a circular strip of 
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same instrument, the deflection of tho now instrument so formed 
measures the power in Watts absorbed by any circuit. Though 
the Wattmeter is of no great use in diiect current work, since wo 
usually require both the amperes and volts separately and can 
always multiply them and so obtain the power when desired, tho 
instrument is of incalculable value in alternato current work, since, 
if nearly non-inductive, it is the best known moans of obtaining 
tho true purer in such a circuit, tho produck— amps, x volts not 
giving this quantity. 

The same precautions are necessary in using tho Wattmeter as 
in the dynamometer, and in addition errors may ariso through the 
warming up of tho swing coil and consequent alteration of its 
resistance, as in the case of electro-magnetic voltmeters. The 
error that may be introduced by tho earth’s field is explained 
on p. 580. 


Change-over Switch. 

Fig. 253 represents a foim of switch suitable for large .currents 
and which can bo used in one or other of four ways as follows— 

(1) As a singlo-way, single-polo switch by connecting to tho 
centre and either of the end tei initials on tho same side. 

(2) As a single-way, double-pole switch by connecting tho centre 
and an end terminal on the same side in one main, while tho other 
centre and corresponding terminal at the same end is 'put in tho 
other main. 

(3) As a two-way double-polo switch by connecting the common 
circuit to the two centres and each branch circuit to the pair of 
terminals at one end. 

(4) As a reversing switch by connecting the circuit or portion 
to bo reversed to the centre pair and the main current to the 
pair at either end, cross connecting the corner terminals at the 
ends by temporary wires. 

The figure shows the construction fairly clearly, and it consists 
of two metal blades carried by smaller extensions at their lowor 
extremities and capable of turning about a horizontal axis in the 
upright standards which form part of the base carrying the middle 
terminals and inner wedge blocks. Four similar wedge blocks 
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(two at each end) are carried by metal bases on which the four 
end terminals are fixed. When the blade levers are uj) (as seen), 
the m«£al parts, electrically connected to the six terminals, are 
insulated from each other, as the lover blades arc also insulated 
from each other, their upper extremities being fixed by an insulator 
cross-piece to which the handle is fixed. When the blades are 
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pushed down one side or tho other into their respective pairs of 
wedge contact blocks they short circuit i he.se, thus joining tho 
centre and end terminals on ono side together, and likewise those 
on the other side. 


Keys. 

A form of key, which, though not very portable, is extremely 
useful in a test room, is shown in Fig. 251, and is otherwise known 
as a Fohl's commutator. It consists of a woodon, though prefer- 
ably polished ebonite, base M, containing 6 small pure-copper 
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the circuit to bo reverse 1 to the other pair T 2 mid r I\ or 
rice versd. 

(4) As n 2-way key by joining ono main to any one terminal, 
e. (j. r l\ and the branches to r l\ and 1\. 


A Highly- Insulated 2-Way Spring Tapping 
Key 

is shown in Fig. Job, and consists of a well-polished cbonito base 
B, supporting at one end a well-polished ebonite standard to 
which is fixed two brass contact terminal blocks t x t 2 - 

Let into and carried by the top of the standaid S is an 
ebonite lod R } which at its other end supports an obonite 



block E. To E is fixed two springy brass strip lovers L ] L v 
electrically connected together and to the common terminal T at 
that end. 

Tho free ends of the spring strips are provided with rather long 
ebonite knobs K x K 2 for the finger of the operator to tap. 

In the use of this key, if the high-potential wire is connected to 
tho common terminal r l\ the path of any leakage lies from, T 
across E, then along R and down S to tho base B, and thence to 
earth. This being long gives the key a high-insulation resistance, 
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and to still further increaso this, all the ebonite parts should bo 
well polished and quite clean and free from dust. 

It wijf be noticed, that since thore is a lever to each way, it 
would be possible to press both at onco. Unless otherwise directed 
this must be absolutely avoided, as serious damage may be done in 
consequence. 

Fig. 207 shows, in plan, a convenient form of 2-way sliding switch. 

It consists of a wooden or ebonite base B, to which is fixed three 
ternfinals T, T x and 2\. Tho two latter, 2\ and r l\, make porm.i nent 
contact with the contact blocks b x b 2 respectively, while T acts also 
as a centre for the contact lever L 
to turn on. The knob K is merely 
for the purpose of conveniently turn- 
ing the lever L. 

In the. position shown in tho 
Figure, there is no connection be- 
tween T and either 2\ or 2\, but by 
turning L so as to rest on b x or b 2 , 
then connection is made between T 
and 2\ or between T and 2\, reflect- 
ively. 

It will be noticed that only one . 
contact can be made at one and tho same time. This is an 
advantage in some cases, where tlm simultaneous making of 
both ways might caube an accident. 


Arc Lamp Photometer Cradle. 

In the photometrioal testing of electric arc lamps it is 
nocessary to be able to have the moans of measuring tho candle- 
power of the arc in several directions, making various angles with 
the horizontal line passing through it. In some cases this is done 
by raising or lowering the lamp vertically, the beam from it 
being reflected along the bench by a fixed plane mirror suitably 
placed, but capable of rotating on an axis. 

The author has devised the cradle shown in Fig. 258, in which 
the lamp to be tested is placed. The lower part is a rigid frame- 
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work which is placed on the photometer bench and carries an 
upper frame capable of moving round a hollow tubular horizontal 
axis, whfch latter is itself capable of moving in the fixed frame and 
has attached to it a pointer, seen 
in Fig. 268, just above the two 
large terminals. In this upper 
frame is placed tho arc lamp, 
which can therefor^ be inclined ¥L 
at any angle to the vertical, as 
read off by the pointer on its 
scale. 

The carbons of the lamp are 
first adjusted so as to touch at 
a point in the axis of rotation, 
as seen through tho tubular axis. 

Thus the arc in turning as the cradle is turned, always main- 
tains the same position relatively to the photometer bench, and 
the author has found that next to no difficulty in the regulation 
of the arc by its auto-mechanism occurs up to 50° or 00° from 
the vertical. After this the carbons have to be partly regulated 
by hand. 


'/I 
/ f 



I’m. 200. 


, Direct-Reading Bar Photometer. 

This fornl, due to Mr. Trotter, has a direct-reading scale on its 
bank which shows without calculation the ratio between the 
standard and lamp under tost when the sight-box seen in the 
middle of the bank (Fig. 259) is moved so as to obtain an equal 
illumination of the screens. The general arrangement is very 
suitable for making rapid tests on electric glow lamps, as slight 
variations of E.M.F. affect both lamps equally and do not cause 
appreciable errors. Fig. 260 shows a sectional plan of the sight- 
box BB, in which AA are the apertures at the sides to admit the 
beams of light from the two lamps L X L% to be compared. SS are 
two screens, the illuminations of which are compared. One of 
thqpe contains a star-shaped hole for the purpose of enabling the 
further screen to be seen through the funnel or window F, through 
which the observer looks. 
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Illumination Photometer. 

This is a portable direct-reading instrument devised by Mr. 
A. ±\ Ti otter, by which the illumination at any spot in a street 
or building can be at once measured in terms 
of the illumination given by an amyl-acetate 
standard of light, this” being found ignore 
reliable and less troublesome than ordinary 
standards of light. A general view of the 
instrument is shown in Fig. 2d, and a sec- 
tional elevatien in Fig. 262. 

Instructions for Usd. 

Remove the oml cap with l he mirror M 
on it by the bayonet joint ; remove the 
cover from the lamp and light it, then re- 
place the end cap. The llame can now bo 
seen in the mirror. Tlio top of Hie ilame 
should just touch the point of the bent arm. 
The flame is raised or lowered by screwing the lampholder in or 
out by its lower end. By unscrewing the holder completely it 
can be drawn out for refilling. 

Having adjusted the flame to the right height the cap on the 
top is removed and the photometer is set so that the paper screen 
S is horizontal. 

The general illumination to bo measured falls on this screen S. 
Across the centre of it is a small slit T through which an inside 
screen 11 illuminated by the standard lamp can be seen. The 
observer’s eye must be vertically over the hole in the screen. 
The inside screen li is thon adjusted by the outside arm P. 
When the illumination of the outside screen JS is greater than 
that of the inside, the slit T will appear dark ; when less the slit 
will appear bright. With a little practice the slit can be made 
to nearly, if not quite, vanish ; the illumination is then shown 
on the scale F by the pointer P. The unit used is the illumina- 
tion due to one standard candle at one foot ; that is, if a balance 
is obtained when the pointer is at “ 1,” the illumination is equal 



Fin 261. 



ELECTRICAL ENGINEERING TESTING 


H91 


to that of 1 stand ird candle at 1 ft. distance, if at <£ 2 ” the 
illumination is twice this, and if at “ "l,” one-tonth of that which 
would fee given by a standard candle a foot away. 

The inside screen R has a slight blue tint which to a great 
extent removes the colour difficulty. 

A slightly yellow upper screen is provided for measuring with 
very bluo lights. 

Be careful the eye is vertically over the slit. Holding one 



finger near the eye and between it and the hole will make it 
easier to get the vertical line. 

13e careful to stand so that the body is not between the screen 
and any source of light. 

The slit must be square across the instrument. 

$66 that the height of the flame is right beforo and after each 
reading ; the flatae sometimes increases a little, especially just 
after being lighted. 
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The flame is not affected by a gentle breeze, and on windy 
nights the instrument can easily be shielded by a piece of card- 
board or brown paper. ' , 

Only pure amyl-acetate must be used', and the wick must be 
cut squaro across without ragged points. 

Keep the cap on over the screen when not in use, and do not 
let the screen got dirty. 

There is a small pin at the centre of the pivot of the arm: 
when the instrument stands so that its shadow thrown by any 
lamp falls on the scale, it gives the cosine of the anglo of 
incidence, having which the actual C.P. can bo calculated. The 
height of tlio lamp is equal to the distance from the post when 
the shadow falls at 45*. 


Photometer Screens. 

Of these there are many different typos, all of courso offect.ing 
the same purpoj.o, namely, that of enabling equality of illumina 
tion due to two different sources of light to be visibly determined 
and hence their relative intensities. Fig. 2G3 shows a form ol 
Bunsen screen arranged inside a “sight-box” seen with its top 01 
lid open to enable the inside to be seen. It consists of two discs 
of plain paper having its centre portion greased in the form of 
a star. These discs are seen one near each end of the “ sight 
box,” which is dull black inside and prevents stray light due tc 
external or internal reflection from getting to the Bunsen stai 
discs or screens. Two vertical plane mirrors are {dared as shown 
symmetrically with regard to the discs, and each at 45* to th< 
back of the box. - 

The images of the two discs can be seen in the two mirrori 
through two rectangular open windows in the box fjhown in from 
of Fig. 263, and thus the intensities of their illuminations can bi 
compared by the eye. It should be noticed that the sight-boa 
illustrated in Fig. 263 cannot give true results, since the ratio o, 
the squares of the distances from the light sources to the staJ 
discs and again to the centre of the box are not tho same. JChi 
box is given, however, to indicate this fact and to act as l 
warning to users of it. Another form of this screen is showi 
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resting on the top of the “sight-box,” illustrated in Fig. 264. 
Here there is but one disc with a plane mirror on either side of 
it, making equal angles with it, and enabling an imago of each 
side of the screen to bo seen without looking directly at the disc 
itself. 

The lower part of Fig. 261 illustrates a form of balancing 
screen due to Jolly, and consisting of two rectangular blocks of 
clear paraffin wax, fomented together but separated by a film of 
silver paper so as to prevent diroct transmission of light right 
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through the two blocks. They are placed inside a sight-box to 
prevent stray light gotting to them, henco the two blocks will 
appear equally bright when the two sources of light to be com- 
pared, placed on either sido of the sight-box, illuminate them 
equally. 

One of tho best photometer screens is that due to Messrs. 
Lummer and Brodhun, and is shown symbolically in Fig. 265. In 
this type the light from tho two sources to be compared falls on a 
screen SS t having equally light surfaeos. The rays are then 
* 0 Q 
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reflected by two similar plane mirrors m x and m 2 to two prisms 
Pj and f 2 , of which P, 2 is the ordinary form, while JP X has a 
curved*surface ono side which touches P r 
The reflected rays from m x are able to pa3S through the com- 
bination to the eye placed at E, while those from m 2 are deviated 
to E also. Thus the screen SS when equally illuminated both 
sides cannot bo seen at E. 


“Methven Screen” Photometric Standard 
of Light. 

When used with just an ordinary amount of caro this standard 
of light is ono of the most convenient and accurate, requiring 
no elaborate preparation, as in the case of some other standards, 
before being used. A standard two-slot ‘ ‘ Methven screen,” together 
with a carburetter, is shown in Fig. 266. The former consists of 
a vertical brass plate or scrocn, bent round at right angles at the 
bottom, alul to the under side of which is fixed a tubular metal 
foot which fits into the hollow standard supporting the whole 
screen. 

To the upper side of this angle-piece is fixed a London Argand 
Jjuiner provided with a stettito cone and a cylindrical glass 
funnel. Two pairs of brass bars are screwed into the screen at 
respectively 2fc" and 3" above the top of the burner. The screen 
has a hole at its centre across which slides a silver plate 
containing two rectangular windows, the size of which are 
determined by the height of the flamo and tho C.P. of the light 
emitted from them. This in the Methven screen, shown in 
Fig. 266, is 2 C.P. either when tho mean height of the peaks of 
the flame are on a level with the two top bars and the long 
narrow slot in use with ordinary coal-gas, or with the flame on a 
level with the two lowor bars, the short broad slot and the coal- 
gas carburetted. The carburettor is shown on the left of 
Fig. 266 , and is merely a metal reservoir containing pentane 
liqfiid, which is 4 highly volatile, the vapour mixing freely with 
the coal-gas and enriching it as this latter is made to pass 
through the receptacle by manipulating the throe stop taps seen 
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on the branch tubes. For a more detailed ’ description of the 
Methvon screen, see Slingo and Brooker’s Electrical Engineering. 



Fi<; Joti. 

It should be noticed that the position of the serein is rather 
misleading, arising from the fact that it is shown turned round 
out of its normal position to show more clearly the burner, etc. 


Adjustable Carbon Rheostat. 

An extremely useful form of continuously adjustable rheostat, 
suitable for large currents a3 well as small ones, is illustrated in 
Fig, 267, this particular one being capable of carrying about 
25 amperes continuously or 30 to 40 amperes for short periods 
of some minutes' duration. 

It consists of a row of square flat plates of f hard gas-retort 
carbon, resting on a fairly broad ledge of slate or some other 
suitable insulating material screwed to an iron bar underneath 
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it which is fixed to the ends of the framework of tho rheostat. 
These ends are also fixed to tie rods at tho sides, to tjie top of 
each of»which is screwed an over-lapping strip of vulcanized fibre 
to guide the plates, and at the same time not to short-circuit 
them. The row of carbon plates are terminated by thick cast- 
iron plates, extendod at the top and carrying tho terminals 
shown. The left-hand terminal plate is insulated from that end 
by a plate of vulcanized fibro, while tho row of plates is com- 

w • . * 
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pressed against this by a screw working against the right-hand 
end. In case at any time the right-hand terminal plate is 
removed and inserted in some intermediate position in tho row, 
an extra cast-iron plate the same size as the carbons is provided 
this end to guard against the friction of the carbons should the 
screw press on them by mistake. One valuable advantage of this 
rheostat is that, being non-inductive, it can be used with alter- 
nating currents in cases where many other forms of rheostats 
could not be. The resistance varies from a minimum when the 
plates are tightly compressed, to a maximum when they are loose. 
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Incandescent Lamp-Box Resistance. 


In many tests on alternating current appliances, such as trans- 
f 01 filers, alternators, etc., difficulties arise in obtaining a non- 
inductive resistance in which to take up the output of the appli- 
ance, for, as is well known, the product of the volts and amperos 
only represents the actual or true power in Watts absorbed, pro- 
viding the load-absorbing rheostats are truly non-inductive. 



This can be obtained with specially wound rheostats made of 
ordinary irou wire or other special alloy. A water rheostat is, 
however, simpler, though not perhaps so convenient to manipulate, 
while Fig. 2G8 illustrates a still more convenient form of non- 
inductive (to all practical purposes) rheostat, which the author 
has designed for his own purposes, and one that is fairly portable 
with care. The particular one shown consists of a containing 
case and box, with an internal partition whioh supports some 60 
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or 70 glow lamps, composed of 8, 16 and 32 C.P. lamps, capable 
of absorbing some 7 or 8 E.II.P. All the woodwork the lamp 
side of; the partition is covered with a double layer of asbestos 
cloth, and the front of the box is protected only by a grating to 
allow of free circulation of cold and hot air. Each lamp is con- 
nected to its own pair of mercury cups in a special switch-board, 
seen on the top of the box towards the back, by means of which 
the lamps can at once bo connected all in parallel, all in series, or 
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in any other intermediate combination, to suit requirements. 
The side opposite the grating hinges down, giving free access to 
the lam p-holders and connections to the mercury switch-board. 
This lamp-box resistance requires care in carrying about, as the 
mercury tends to come out of the two long slots if the box is 
much tilted. It is, however, extremely convenient, and when 
the lamps are used in parallel in alternating current work, their 
effective self-induction is extremely small, so that when absorb- 
ing the load from the secondary side of a transformer (say), the 
amps, x volte will be the true power absorbed, i, e. developed by 
the transformer. 
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Adjustable Rheostat 

Fig. 2(>!) shows a convenient wire-wound rheostat, capable of 
stop by-step variations between 0 and the maximum resistance, 
which is about 40 ohms, and of carrying continuously 6 or 7 
amperes. It is a form of rheostat eminently suitablo for 
regulating the shunt circuit of oither a dynamo or motor of that 
type. As will be scon with reference to the figure, it consists 
of a box or case containing the coils (not seen), and which is 
fitted with a top carrying tho multiple way levor switch of the 
form shown. Tho circular row of studs seen in the upper part 
of Fig. 209 are connected to the coils inside in such a way 
that the right-hand end block gives tho full resistance of all the 
coils in series between the terminals at the top, when the lever 
is on this block. Tho rheostat, being intended to bo usod in a 
vertical position, has a wire grating at tho top and bottom in 
order to obtain a cooling cii dilation of cold air through tho in- 
terior. The coils inside are strung between insulators, so that 
even if they do get very hot, tho inside of the box wilf not bo 
much harmed. 


Continuously Variable Rheostat. 

This rheostat is of the same typo and make as that illustrated 
and described relative to Fig. *27 1 , consequently a further descrip- 
tion is unnecessary. J3y winding tho rheostat with, say, the same 
gauge in a higher specific resistance material than platinoid, such 
as eureka, manganin, or roostene, it is easy to obtain a resistance 
which can be varied perfectly continuously from something like 
30 or 40 ohms down to 0, and that will carry a maximum 
current of about 4 or 5 amperes. This in a test-room or 
laboratory is extremely useful, enabling very fine adjustments of 
resistance, and consequently of current or pressure, to be obtained 
when desired. 

The reader is referred to the description of the same make Of 
rheostat shown in Fig. 271. 
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, Improved Rheostat. 

The objocfc of the rheostat, invented over forty years ago by 
Wheatstone, is to provide an electric resistance which can be 
varied continuously. 



Fra. 270. 


The instrument shown in Fig. 271 is an improved form (due 
to.Ijord Kelvin) of Wheatstone’s rheostat, in which the wire is 
guided from oite cylinder to the other by a fork carried along 
through the requisite range by a nut travelling on a long screw- 
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shaft. This screw-shaft carries a toothed wheel which turns the 
two cylinders by means of toothed wheels attached to their shafts. 
A watch-spring, as in John’s improvement of Wheatstone’s 
rheostat, keeps the wire always tightened to the proper degree. 
A leather buffer at each end of the range of the nut acts as a 
guard 1 ’ against overwinding in either direction. 

In a high resistance rheostat the conducting cylinder and 
tko wire are both of platinoid, a motallic alloy having properties 
which make it specially suitable for the purpose. It has very high 
electric resistance, very small temperature variation of resistance, 
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and its surface remains almost or altogether untarnished in the 
air. On account of the last-named property the contact between 
the wire and tho conducting cylinder, and continuity in action, 
which was a great difficulty in the old form of apparatus, is very 
complete. 

In a low resistance rheostat the conducting cylinder in this 
instrument is made of brass, nickel-plated so as to avoid tarnish- 
ing, and tho wire used is copper, also nickel-plated. The rheostat 
can be supplied to carry currents as high as 30 amperes. The 
relation betwoen material resistance and current for these 
rheostats is as follows, viz.— 
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\Vire. 

Approximate 

Resistance. 

Maximum 

Current. 

Platinoid 

600 ohms. 

0‘ 25 amperos. 

u 

100 „ 

2*0 „ 

M 

20 „ 

10-0 

Copper. 

0-4 „ 

30-0 „ 


Continuously Variable Rheostat. 

Fig. 272 illustrates another slightly different form of Kelvin’s 
improvement on tho original Wheatstone rheostat. The actual 
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construction is the same as that described in the two preceding, 
Figs. 270 and 27 1, except that the one here shown is intended 
for finer and lighter work, as seen from the smallness of the 
parts and gauge of wire employed. The second cylinder is just 
behind the one shown in the figure, Fairly fine wire is used, and 
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the rheostat so wound may have a resistance of about 100 ohms 
as -a maximum, capable of carrying one or two amperes. Like 
the “ Wirt ” form of resistance, described in Practical Jo Elec- 
trical Testing by the author, it forms 'a most useful type of 
resistance for small work, such as calibrating low resistance 
voltmeters, enabling a series of different readings to be taken 
without actually altering the number of cells in .the E.M.F. 
used. „ 

Tho reader should rofcr to the description of the principle' of 
this form of rheostat which is given relative to Fig. 271. 


Fixed Standard Low Resistances. 

There are many different forms of these depending to a great 
extent on tho value of the resistance, and also on the particular 
make. Fig. '273 shows a sot of five different forms of standard 
low resistances made by Messrs. Crompton and Co., and 
primarily intended for u&o with the potentiometers made by 
them also. Tlio resistances can, of course, bo used for a#y other 
purpose than this which requires a standard resistance of accur- 
ately known \aluo, capable of carrying large currents without 
sensible beating or alteration. 

The one shown standing on end at the top is of a slightly 
different form to the rest, being of the tubular water-cooled 

type- 

These resistances consist of a sheet or strip of metal, or a coil 
of wire, each provided with four terminals, two for connection to 
the circuit and two for connection to the potential leads. 

The smaller resistances take the form of a coil or spiral fixed 
in a mahogany frame, and also of flat strips either bent or 
straight, the largest size — 300 amperes and over are of sheet or 
water-cooled type. 

They are constructed of manganin, an alloy which has been 
thoroughly tested, and which has the great advantage that within 
ordinary limits of accuracy (say one part in 1000) no tempera- 
ture correction whatever is necessary : but for measurements 
with the potentiometer requiring an accuracy exceeding this, a 
curve, giving the temperature value for the whole range of 
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current that the instrument is capable of carrying, is supplied 
with each resistance. 



Fig. 273. 

. Such a curve, together with other forms of adjustable and 
fixed standards of low resistance, are given in the author’s 
work entitled Practical Electrical Testing. 
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Stand Coil Rheostat 

A most convenient form of current rheostat of a portable 
nat jre, at all events one that can be moved comfortably about 
any testing-room, is illustrated in Fig. 274. It consists of an 
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iron frame or stand, of as light a construction as possible, in 
order to be light, between the top and bottom of which are 
stretched bare wire spirals of either iron or some high-resistance 
alloy. These coils are spaced sufficiently far apart to prevent 
them easily touching should the rheostat receive a slight knock, 
and are all connected in series, their junctions being connected 
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to a multiple way switch seen on the top. This latter consists of 
several studs or blocks arranged in a circular form and having 
their upper surfaces turned up in the lathe so as to bo quite 
level. A suitable spring lover pivoted in the centro of the ring 
of blocks is capable of turning almost onco round between 
two stops and of making contact with each block as it passes 
over it. 

One of the two-terminals of this stand coil rheostat (scon on 
the top) is connected to the lever centre, and the other to one ond 
of the series of coils. Thus the resistance betwoon tlio terminals 
can be varied from nothing (i. e. short circuit) to tbo maximum 
by as many steps as there are contact blocks on the switch. A 
great mistake, which is usually mado by rheostat makers, is to use 
the same gauge of wire throughout the rheostat, for clearly the 
gauge should increase as wo begin to cut out, since tho current is 
thereby increased also. Tho above rheostat, mado to the author’s 
designs, contains about four or five gauges of wire. 


Three-Phase Liquid Rheostat. 

For three-phase alternating current work there are tw r o dis- 
tinctive forms of rheostats needed, differing merely in the 
t terminal arrangements. One form may be termed a “ through ” 
rhoostat, which would be required for regulating the current 
supplied by a generator to, say, a motor ; tho other form may be 
termed a “ closed ” lheostat, which would bo required for absorb- 
ing the load from a generator. 

In all forms tho rheostat must operate equally on each of tho 
leads of a three-phase system, otherwise tho balance and sym- 
metry of the currents will be thrown out and will cause con- 
siderable trouble. Three-phase rheostats may be either metallic 
or liquid in nature, but in any case the moving contacts must 
move simultaneously by equal amounts when manipulating the 
rheostat as a whole. Fig. 275 shows a three-phase liquid rheostat 
designed by the author, and which will negotiate currents up to 
about 30—40 amps. It can be employed either as a “through” 
or “ closed ” rheostat, and consists of three exactly similar flat 
semicircular-shaped iron troughs or boxes placed side by side in 
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alignment on a wooden base board, but not in contact with one 
another. Each is secured to the base board through its flat 
metal foot, carrying a terminal which therefore makes electrical 
connection with the box as a whole. 

These torminals are clearly been in Fig *275. Each box has a 
semicircular-shaped iron plate, carried by a brass spindle, which 
passes through boarings of insulating material let into the 
opposite sides of each box. The ends of each spindle terminate 
just outside the box in enlarged metal bosses, the successive 
adjoining pairs being direct coupled mechanically through coup- 
lings of insulating material, but aro discontinuous electrically. 
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This compound shaft or spindle is rotated with the plates by 
means of a worm and wonn-wheol gearing. Seen to the right- 
hand end of Fig. 275. 

Three other terminals (not seen in the figure) at tlio back of 
the rheostat make electrical connection to each section of tho 
spindle, and therefore to each plate through spring strips rubbing 
on the proper bosses as the spindle is turned. 

A solution of washing soda and water of tho same density is 
used in each trough, and must not, of course, reach up so high 
as to make contact with the spindles. Thus when none of tho 
terminals are cross-connccted, the rheostat becomes a “ through 
type,” but when the three at ono side are all joined together, we 
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hare a closed rheostat, suitable for absorbing tho load from a 
generator connected to the remaining three terminals. 

It should be remembered that as onch of the three sections of 
this water rheostat must operate equally on turning the shaft, 
the level of liquid must be the name in each trough in addition 
to it being of the same density. 


• Magnetic Curve Tracer. 

This instrument, devised by Prof. Ewing, shows the magnetic 
quality of iron, steel, or other magnetic metal, by exhibiting the 
ourve which connects the magnetization B with the magnetizing 
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force H in any magnetizing process. Tho curve is exhibited 
upon a screen by tho spot of light reflected from a miiror, which 
receives two components of motion. The vertical component 
is proportional to the magnetization, and tho horizontal com- 
ponent to the magnetizing force. The instrument is shown 
in Fig. ‘276, and Fig. *277 is a diagram showing the func- 
tions of the various parts. The mirror is pivoted upon a single 
needle-point, which leaves it free to turn both ways, and it is 
connected by threads to the middle of two stretched wires, 
A A and BB, in such a manner that when either of the wires 
sags the mirror s-uffers a corresponding deflection. The threads 
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are kept taut by light springs, the tension of which is adjustable. 
The wires are stretched in narrow slots, forming gaps in two 
magnetic circuits, 1)D and C . One of these circuits, dDD, is 
made up of the iron or steel to ho examined, along with suitable 
pde-pieces aud yoke, and the current which passes through the 
magnetizing coils of this circuit passes also through the stretched 
wire, BB y in the gap of the other magnet. The other magnet 
is constantly magnetized by a steady current, and a steady 
current also flows through the stretched wire A A. Hence, 



when the magnetizing current of DD is altered, tho wire BB 
sags out or in, and gives horizontal motion to the mirror pro- 
portional to the magnetizing force acting on DD. And when 
the magnetism of 1)D is altered, the wire A A sags up or down, 
giving vertical motions to the mirror proportional to the changes 
of magnetism. 

The samples to be tested form the arms of Dl). They may 
be solid rods, or rods built up of thin strips, or of wire. The 
rods supplied with the instrument are of soft sheet-iron, built 
up of insulated strips, with a net cross-section about 1 in.. by 
J in., and about 18 in. long. In preparing other rods for 
comparison of magnetic quality, tho same dimensions are to 
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be chosen as those of’ the standard rods. Clamps are provided 
at the pole-pieces to allow the rods to be readily inserted and 
remouecl. 

The same constant current will serve for the wire AA, and 
the magnetizing coil of the tubular magnet C. A current of 
about four amperes will serve well, but more or less may be used, 
according to the amount of movement which it is desired to give 
to the mirror. TJie amplitude of the movements can also be 
regulated by shifting in or out the weights on the bell-crank 
levers which keep the stretched wires tight. For high-speed 
work the wires should be kept very tight, and a small mirror 
should be used. The magnetizing current must be made to vary 
in a continuous manner] not by sudden makes and breaks. 
When these precautions are taken magnetic cycles may be per- 
formed so rapidly that the reflected light appears on the screen 
as a continuous curve. A special commutator is supplied, to allow 
3f rapid but gradual variations and reversal of the magnetizing 
jurrent. It consists, essentially, of two tixed and two revolving 
plates of zinc, immoised in a solulion of zinc-sulphate. 

In ordinary testing it is more convenient to make the magnetic 
jhanges occur slowly, and to mark with a pencil the successive 
positions of the spot on the screen. A sheet of paper on a small 
drawing board, set up against a wall or other vertical support, 
is a suitable screen. The source of light may be an ordinary gal- 
vanometer lamp, furnished with a pair of cross wires instead of 
the usual single wire. For high-speed work a small spot of light 
is necessary, which is obtained by placing a screen with a small 
hole in it just in front of the lamp. Horizontal and vertical 
datum lines are marked by moving (by hand) the wires Bli and 
AA respectively, and marking the path of the spot. A variable 
resistance is to be inserted in the magnetizing circuit of DD , to 
allow successive points of the magnetizing curve to be obtained : 
two zinc plates suspended near together in a weak solution of 
zinc-sulphate, in such a way that they can be more or less deeply 
immersed, will serve well for this purpose. A rapid commutator 
is also to be put in this circuit, to allow the specimens under 
test to be demagnetized by rapid reversals of continuously 
diminishing magnetizing force, if it is wished to determine 
the curve of initial magnetization. In comparing other samples 
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with the standard bars, care must be taken to preserve the 
same seale of B and of H , by not changing the constant current 
in the wire A A and magnet C , nor the tension of the stretched 
wires. 

The absolute scale of H may be calculated, if required, from 
a knowledge of the number of turns in the winding of the 
miignet limbs, and that of B may bo found by means of an 
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auxiliary ballistic galvanometer, by winding an induction coil 
of a few turns round one or both of the limbs. 

Fig. 278 shows the electrical connections with the terminals 
as they are placed on the slate b&se of the instrument. 

Terminals 1 and 2 are those of the coil which magnetize the 
tubular magnet C ; terminals 5 and 6 are thosu of the main 
magnet coils on DD. The constant current is supplied by P t 
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and taking the course 1, 2, 3, 4, passes in series through the 
magnetizing coil of C and the stretched wire A. Tl^e variable 
current is supplied by Q, through the commutator *K and 
adjustable resistance R. Taking the course 5, 6, 7, 8, it passes 
through the main magnetizing coil and the stretched wire B. 
The copper strip which is used to connect 2 with 3 may be 
put between 1 and 3 instead, 2 and 4 being then the battery 
terminals in that* circuit. The effect of this is to change 
the* general slojie of the figure on the screen from right to 
left or vice versd. One of the two arrangements is right 
when an ordinary screen is used ; the other is right whon the 
screen is a piece of tracing paper or ground glass, viewed from 
behind. 

Care should be taken to adjust the instrument so that when 
a complete cycle of magnetic reversal is performed, tho figure on 
the screen will be symmetrical, with the extremities equidistant 
from the zero point or origin, which corresponds to the condition 
of no current in B and no magnetism in DD. To secure this, 
• seo that tho stretched wires are as marly as may bo judged in 
the middle of their respective slots, both vertically and horizont- 
ally. Set the moan position of the mirror perpendicular to the 
pivot needle, by adjusting the needle’s position by the screws 
provided for that purpose. Tho light springs which keep the 
^connecting threads taut are to be set so that they remain con- 
siderably stretched oven whon the mirror moves to its furthest 
limit in the direction tending to slacken them. 

Fig, 270 is an example of the curves obtained by the instru- 
ment shown in Fig, 27f. It is the copy of one half of a cyclic 
curve jpf reversal, along with the initial curve taken after 
demagnetizing the specimen by reversals, and also the curve 
obtained by reapplying the magnetizing current after it had 
been reduced from its mnximum to zero. Owing to the existence 
of an air gap in tho magnetic circuit under trst, the diagram 
is sheared over to the right, and true values of the magnetic 
force would be found by measuring horizontal distances from 
some such line as YY, instead of from the vertical line. This 
shearing does not affect tho area enclosed by the cyclio curves 
of reversal, and need not therefore be taken account of in 
measuring the conqiarative amounts of energy dissipated by 
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magnetic reversals in different specimens or in the same 
specimens, with d liferent values of the magnetism. 

In addition to its use for determining these areas, to* com- 
paring the magnetic qualities of different samples of iron, and 
for investigating the properties of magnetic curres generally, 
the instrument may be usod as a galvanometer by making the 

6 



current to be measured pass through either of the stretched 
wires, while the magnet, in the slot of which the wire is 
stretched, is kept in a constant state of magnetization. This 
will be found useful in cases where an extremely dead-beat 
indication is wanted, and by making the spot of light register 
its position photographically on a moving plate ’'or paper satis- 
factory records of rapidly fluctuating currents may be obtained, 
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The Permeameter. 

A useful pi ere of apparatus, known as 1 he “Permeameter,” is 
illustrated in Fig 280, by means of 
which the magnetic quality of dif- 
ferent materials ran easily and 
rapidly be found. The method is 
essentially a workshop one, and the 
principle of it is due to Professor 
S. P. Thompson. 

The airangement consists of a 
somewhat massive hollow rectangu- 
lar-shaped block of good soft 
wrought-iron forged to the shape 
shown. Inside this is a magnetiz- 
ing solenoid wound on a thin brass 
tube with thin flanges or ends, its 
length being just that between the 
— insides of the block ends. The 

■I sufficienth long lod of magnetic 

■ t material to bo tested, having its 

. ^ lower end faced quito true, passes 

IP ^ \ freely but closely through the top 

* ■ v > y_ < end of t.lic block, down through 

^ * the solenoid, and beds on the care- 

(SHH “faced” inside of the bottom 

y l(J ' >go. end of the block. Tho protruding 

end of the rod has a metal pin 
through it, which is caught by a double hook on the lower end 
of an ordinary spring balance, the top end of which is suspended 
by a gut cord passing over a fixed pulley and attached to tho 
levor shown. This permeameter is also fitted with an .arrange- 
ment for testing the specimen ballistically. It consists of a 
small flat coil fixed to a brass plate, which slides backwards and 
forwards between guides. The rod passes through this coil and 
beds as before’on the block, at the same time keeping tho coil 
back against the force of two spring strips on the outside of the 
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block. Immediately the rod is suddenly pulled up the coil flies 
out, and a circuit joined to its terminals will receive an electro- 
magnetip impulse proportional to the field just broken. In this 
way the ballistic and traction methods can be made to check 
one another in the final results obtained. 


Condensers. 

Fig. ‘281 shows a general view of the Kelvin standard air 
Leyden condenser, and Fig=i. 282 and 28.S a plan and i-ectional 
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elevation of the same. The instrument is formed by two mutually 
insulated metallic pieces, which we shall call A and /^constituting 
the two systems of the air condenser or Leyden. The systems 
are composed of parallel plates, each set bound together by four 
long metal bolts. The two extreme plates of set A are circles of 
much thicker metal than the rest, which are all squares of thin 
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sheet brass. The set B are all squares, the bottom one of which is 
of much thicker metal than the others, and the plates of this system 
arooytfless in number than the plates of system A. The four 
bolts binding together the plates of each system pass through 
well-fitted holes in the corners of the squares ; and the distance 
from plate to plate of the same set is regulated by annular 
distance pieces, which are carefully made to fit the bolt, and ate 
made exactly the ^nine in all respects. Each system is bound 



firmly together by screwing home nuts ou the ends of the 
bolts, and thus the pirallelisin and rigidity of the entire sot is 
secured. 

The two Rystoms are made up together, so that every plate of 
B is between two plates of A, and every plate of A, except the 
two end ones, which only present one face to those of the opposite 
set, is between two plates of B. When the instrument is set up 
for use, the system B rests by means of the well-known u hole, 
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slot, and plane arrangement,” 1 engraved on the under side of its 
bottom plate, on three glass columns, which are attached to three 
metal screws working through the sole-plate of system A", These 
screws can be raised or lowered at pleasure, and by means of a 
gauge the plates of system B can be adjusted to exactly midway 
between, and parallel to, the plates of system A. The complete 
Leyden stands upon three vulcanite feet attached to the lower 
side of the sole-plate of system A, 
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In order that the instrument may not be injured in carriage, 
an arrangement, described as follows, is provided, by which 
system B can be lifted from off the three glass columns and 
firmly clamped to the top and bottom plates of system A. 

The bolts fixing the corners of tho plates of system 7?nre made 
long enough to pass through wide conical holoscut in the top and 

1 Thomson and Tait’s Natural Philosophy , § 198, example 3. 
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bottom plates of system A , and the nuts at the top end of the 
bolts are also conical in form, while conical nuts are also fixed to 
their Jower ends below the base-plate of system A. Thumbscrew 
nuts,/, are placed upon the upper ends of the bolts after they 
pass through the holes in the top plate of system A. 

When the instrument is set up ready for use, these thumb- 
screws are turned up against fixed stops, </, so as to be well clear 
of the top plate of«system A ; but when the instrument is packed 
fof carriage, they are screwed down against the plate until the 
conical nuts mentioned above are drawn up into the conical 
holes in the top and bottom plates of system A ; system B 
is thus raised off the glass pillars, and the two systems aie 
securely locked together so as to prevent damage to the in- 
strument. 

A dust-tight cylindrical metal case, //, which cau be easily 
taken off for inspection, covers tho two systems, and fits on to a 
flange on system A. The whole instillment rests on three vul- 
canite legs attached to the base-plate on system A ; and two 
terminals are provided, one, i, on the base of system A , and the 
other, j,*on tho end of one of tho corner bolts of system B. 

Revolving Contact Maker. 

This is an arrangement of two contact levers or spring strips, 
and a revolving ring, whereby electrical contact is made hot ween 
the two s*trips once every revolution of the ring at a certain 
particular and definite instaut, and place on the circle of revolu- 
tion depending on the position in which the lovers touch the ring. 
Such an arrangement is necessary when it is desired to take the 
periodic E.M.F. and current curve?, of an alternator, and it may 
be fitted either to the alternator, or to a small single-phase 
synchronous alternating current motor, to be driven off the 
particular supply to be sampled. Fig. 284 represents a simple 
and convenient form of revolving contact maker, designed by tho 
author and fitted to the rotating inductors of an inductor alter- 
nator. It consists of a brass frame ring screwed to the 
alternator portion, and carrying an ebonite ring screwed to it 
securely by se& screws through the inner edge of the frame ring. 
Half the total width of this ebonito ring is turned nearly away 
an d a brass ring slipped on and fixed to the ebonite ring by 
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screws passing through it sideways. A thin slip of brass (seen 
just in front of the spring brushes in Fig. 284) is neatly let into 
the ebonite ring and makes electrical contact with the insulated 
brass ring only Two spring strips, insulated from one another, 
arid pres, sing against tilt* two springs in a line, are carried by a 
holder capable of being slid along the curve bar seen in the figure 
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and provided with a pointer moving over a scale. Hence any 
circuit connected to these strips or brushes will be closed once 
every revolution at an instant in the period which depends on the 
position of them on the curved rod. 

If the toes of the spring brushes are set, one in front of the 
other, the contact will be more instantaneous, otlierwiso it will 
last during the whole time required for the slip contact to pass 
under the brushes when set level. 
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, 'Cradle Absorption Dynamometer. 

In Fig. 285 is shown the principle of a typical form of cradh 
absorption dynamometer, suitable for test ug the horse-power 
developed by small motors, but which can also be employed for 
larger powers up to a certain limit determined by the weight and 



size o£ the motor, and the consequent difficulty in constructing 
the' dynamometer. 

It consists of a light framework (CC) carrying a small floor or 
platform at its lower extremities to which the motor M, to be 
tested, is bolted after being packed up so that the centre of its 
shaft is a line with the points of bearing 0 of the knife edges K. 
The steel plants on which K work are at the top of standards F 
carried on a light bed-plate PP, A block (6) is attached to the 
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top of the frame cc , which carries a screwed bolt on which can 
travel a heavy balance weight B. By raising this weight, there- 
fore, the centre of gravity of M, its bed-plate and the cr&d'e CC 
can be raised to the level of 0. A light lever LI is fixed to and 
moves with CC , one end being attached to the piston (p) of 
a dash-pot D containing some viscous fluid for damping the 
motions of the cradle cc. 

The other end is attached to the lower portion of a suitable 
spring balance TF, itself supported from a bracket E , carried by a 
standard ( xx ). 

The end of the lover L moves in front of an index scale 88, also 
carried by xx. 

The tail rod l, together with the piston p } are made to, once for 
all, balance the other part of the beam L, so that after B is 
properly adjusted the cradle with its motor would rest in equili- 
brium in any position if JF was disconnected from L. 

The method of procedure is therefoieas follows— When the 
cradle is exactly balanced in the manner indicated above, the 
spring balance JF is attached to L and the nut N screwed up or „ 
down so as to bring the lever L to the zero of the index .scale SS. 
The motor M is now connected up so that the field magnets and 
consequently the cradle tend to turn counter-clockwise. This 
condition must be arranged for beforehand, and the motor placed 
in the cradle accordingly, to suit the orthodox direction of 
iotation of the armature A. 

A cord is now wrapped once round the motor pulley, and its 
two ends stretched out horizontally. The motor will thus be 
made to do work against the friction between the cord and 
pulley, and the result will be a depression of the end L of the 
beam. Then bring L back to zero on the index scale by turning 
A" and so raising the balance W. 

If now JF= reading of the spring balance in lbs. (say), and L 
= the distance in feet of its point of attachment to the lever, 
from the centre 0, then the moment of the force resisting 
rotation, i. e. the torque T= WL (pound feet), and if the speed 
of the armature = » revs, per sec., the angular velocity <o = 2 vn. 

Hence the work done per sec. = o>7', and the horse power 

developed = since 1 H.P. = 550 ft. lbs. per sec. 

550 1 
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Horse-Power Transmission Dynamometer. 

When the mechanical power required to drive some particular 
machine, as for instance a dynamo, is desired to be known, it can 
be obtained by means of a transmission dynamometer. This is 
an appliance for measuring mechanical power without absorbing 
any of it, as distinguished from the absorption dynamometer 
wfiich measures the power by wasting it all. There are two main 
classes of the transmission instrument, namely, those for measur- 
ing the power transmitted directly through a shaft, and secondly, 
those for measuring the power transmitted by a belt. 
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Fig. 286 represents the general view, and Fig. 287 the sym- 
bolical side elevation, of one belonging to the latter class and 
made by Messrs. Siemens Bros, and Co. of London. By means 
of it the difference in tension (T— t) between the driving (t. e. 
the tight) and slack sides of the belt can be read off directly in 
pounds, and which is the only one troublesome factor required 
of the horse-power to be measured. 

Referring to Fig. 287, this Siemens transmission dynamometer 
consists of four similar roller pulleys, running in bearings carried 
at the four corners of a light but strong iron framework {KK), 
Three other roller pulleys run in bearings carried by the arm or 
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frame (.d), which is capable of oscillating about a fulcrum ^on 
part of the main frame. The centre pulley P is really the 
actuating pait of the dynamometer, the remaining six, naneely p 
and g , merely acting in a sense as guide pulleys for the belt, the 
“tight” or driving side of which is TT and the slack side tt. 
Tho left-hand end of the arm or frame A lias attached to it a 
link (/), which actuates a lever pointer L capable of moving on a 
fulcrum {f) over an index scale C, and carrying a balance weight 
W for the purpose of balancing the arm A with its fittings, etc. 
D is a dash-pot to steady, what would otherwise be, the jerky 



movements of A. A strong, spiral spring S, capable of being 
extended by turning a handle (A), is attached to tho left-hand 
part of A. The action of the dynamometer will now be fairly 
obvious, and is as follows — 

The tight side of the belt TT tends to force down the left-hand 
end of A against the smaller upward force of the slack side tt , 
this causes L to turn about / in a counter-clockwise direction ; but 
L is now brought back to zero by turning (A), and when this js 
the case, the force exerted by S just balances and is equal to the 
difference in tension {T—t\ and is read off on the scale over 
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which the pointer, attached to the top end of S, moves. Thus 
according as to whether S is calibrated in lbs, or kilograms so 
the (yiAntity (T — t) is read oil* in those units. If now V— 
velocity of tho belt in ft. per min., as obtained from tho noted 
speed of the driven pulley (N) revs, per min. and its diameter 

d (ft.), then V—tcdNy and the H.l\ transmitted = 


The Measurement of Power transmitted 
by Belts. 

In the case whore it is desired to measure the mechanical power 
absorbed by somo particular machine, such as, for instance, a 
dynamo feoding a lamp circuit, or any other kind of machine 
driven by means of belting, the use of a form of lYony brake or 
other kind of absorption dynamometer is inadmissible, owing to 
tho well-known fact that such an appliance wastes all the power 
which it measures. In this ease a liansmission dynamometer has 
to be resorted to, of which there are several different forms, some 
remaining permanently in position, so as to bo capable of indicat- 
ing at any moment the power transmitted, others being tempor- 
arily erected in position for the tests as, for instance, the 
rt Siemeus-Hefner-Alteneck belt transmission dynamometer. It is, 
however, lhanifestly more convenient to have a permanent 
arrangement, and tho general principle of this type is to connect 
the driving pulley, which is loose on its shaft, by three or more 
helical springs, to a fixed collar or boss keyed to the shaft, 
and then to measure in some convenient way the “angular 
advance " of the shaft relatively to the pulley, due to the axial 
extension of the springs. This, as is well known, gives a 
measure of the power transmitted. Hitherto, however, the 
arrangements for observing this angular advance have not 
proved very satisfactory. 

By the kind permission of the proprietors of 7 'he Mechanical 
Engineer , the author is enabled to give a reprint hero of an article 
written by him- in that journal of March 19, 1898, on a neat form 
of spring transmission dynamometer the recording arrangement of 
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which was devised by Professor W, Stroud some little time 
back, and, is in use in the electrical engineering laboratories 
at the University, Leeds. It is accurate and extremely 1 simple 
both in principle and working, and can be easily fitted to any 
shaft and kept permanently in position. It has the distinct 
advantage that the measurement of angular advance is solely an 
electrical one, and can consequently be obtained with considerable 
accuracy. 

Fig. 288 shows an end elevation, and Fig. 280 a side eleva- 
tion, of the arrangement, with tho lower part of the driving 
pulley (y) cut away. It is on a counter-shaft, and rotates in the 
direction of tho arrow (Fig. 288), driving a machine. It consists 
of a boss 0, which is keyed to the shaft, and is provided with a 
flange Q, having an extension at one part of its circumference in 
the form of a short projection or arm. One end of the steel- 
driving spring M, which is of square cross-section, is bent so as to 
partly embrace this arm and be driven by it ; the other end is 
similarly bent, only in tho opposite sense, to partly embrace one 
arm of y , which is loose on the shaft, and drive it. Only those 
two bent ends of M are shown in Fig. 281), two turns being 
cut away, as shown, in .vhich is a pait sectional elevation about 
a vertical diameter through shaft centre. The belt can be 
thrown on to a loose pulley ( u ) by a fork not shown. To the 
short projection on the flange Q (Fig. 280) is bolted a light but 
strong bent arm A into a saw-cut, in the end of which are sweated ' 
the ends of two rigid strips of brass side by side. The Vight-hand 
one ends in a bingo, which carries a similar strip J, into the side 
of which is fixed, a rigid pin, which passes freely through a slot 
cut in the end of the left-hand fixed strip. This latter is merely 
for the purpose of preventing J beiug pulled too far towards the 
pulley (y) by the spiral spring V. The hinged strip J carries at 
its end a light brass block to which is attached, but electric- 
ally insulated from it by moans of ebonite or vulcanized fibre (D), 
a rounded brass contact block T , This makes electrical contact 
with a curved resistance frame US, consisting of a curved piece of 
wood of somewhat smaller radius than the pulley rim, and of 
section something similar to that shown at R (Fig. 289). It 
embraces an angle of about 120 deg., and is provided with shallow 
saw-cuts on the inner and outer peripheries. Into these are 
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pressed the turns of wire with which it is wound, consisting in 
tfye present instance of between 280 and 300 turns of No. 18 or 
No. 20 «B. W, G. platinoid wire, double silk covered, th$ ends 
being led out to brass terminal blocks at’ the extremities R and S. 
The arrangement is securely clasped to the arms of the pulley by 
the counter-sunk bolts N t which pass through a similarly curved 
piece of wood of section shown at X (Fig. 289), placed on the 
other side of tho arms. A thin piece of soft .insulating material 
{])) is interposed between these latter and R to provent some f of 
the turns of wiro being short-circuited, and thereby rendered 
useless, or damaged by pressure against the arms. Tho turns of 
wire are bared of their silk insulation, along the line on which T 
makes contact with them between R and S. Two thin strips of 



vulcanite / / are bent completely round the shaft, and over them 
are stretched two thin strips of brass CC , the ends of each being 
soldered together so as to form continuous rings, against which, 
as they rotate, press two small copper gauze brushes ^ 

now remains to describe the method of indicating the angular 
advance, and so the measure of power transmitted. This is 
accomplished wholly electrically, a symbolical diagram of 6on- 
nections being shown in Figs. 290 and 291, corresponding parts 
being lettered alike. The brass rings CC are permanently and 
electrically connected by insulated copper wires to S and T , , as 
shown, tho shaft and arm A being depicted as taking up a position 
P on RS in advance of the pulley (7). U is in electric connection 
with 7, and therefore with the shaft. F is a fixod brush, which 
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simply rubs on and makes contact with the shaft. K is a two-way 
key ; E a battery of about three cells, preferably secondaries ; G is 
a sensitive galvanometer or potential difference indicator, as dead 
beat as possiblo, and preferably of the moving coil or D’Arsonval 
type, in order that, first, ly, its dellections may be directly pro- 
portional to the potential difference at its terminals ; and, secondly, 
that by winding the moving coil on a light but broad aluminium 
frame, it can bo made very dead beat. G is provided with a 
“ constant total current shunt," shown symbolically at II (Fig. 
290), which is for the purpose of adjusting the sensibility of G, to 
which it is shunted without altering the gross resistance of the 
combination, and therefore the P.D. between the two points to 
which it is applied. 



The principle of action of 11 is merely that the screw, fixed as 
regai ds end play, when turned, actuates the contact block, rubbing 
between the top and bottom resistances, which are suitably pro- 
portioned to one another and to the galvanometer as well. The 
resistance between the terminals of the combination should be at 
least 20 times that of US. 

•In starting the calibration, switch the lover of key ( K ) on to 
stop 1 (Figs. 290 and 291). G is then directly across A, and the 
number of cells together with the sensitiveness of G (by using II) 
should be adjusted to give a full scale deflection. This must 
always be re-obtained before starting subsequent tests. Now, 
switch to 2 o*i K, so completing the main circuit by way of / T , 
shaft, R, S, B v K , E, and back to F. A certain current will flow, 
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depending, of course, on the total resistance and pressure at E> 
and for this current a definite P.D. will exist between R and S , 
and also »betu een R and P, causing a deflection on G, as’ s,hown. 
The calibration is now finally effected by hanging known dead 
weights from the face of pulley (7), thereby twisting up if (Fig. 
289), and noting the corresponding deflections on G. The mean 
nett pull with any particular dead weight will best be obtained by 
taking the mean of two readings on G , coi responding to the two 
extreme positions of equilibrium of the pulley, this latter being 
helped to take up these positions. * 

Fig. 292 shows two calibration curves A and R, for two totally 
distinct transmission dynamometers of this typo, every detail in 
each being precisely the same with the exception of the springs 
M, being different as regards number of spirals and area of cross- 
section of these only. A few details about these may be worthy 
of note. Tho spring of the dynamometer giving curve A (Fig. 292) 
consists of three complete turns of tempered stoel of normal in- 
ternal diameter — G ^ in., and squuro cross-section = in. x in. 
A pull = weight of 50 lbs. at the pulley face wound it up tight on 
the surface of the bosses 5J in. diameter, giving a deflection on G 
of 9‘1 (10 being full). This result is clearly shown by the bind- 
ing of the curve at the top part-. The spring of the dynamometer 
giving curve ft consists of five complete turns of same diameter, 
but square cross sections — J in. x \ in. Its internal diameter was 
approximately Jin. in excess of that of its bosses (5| in.), for the 
largest weight used (180 lbs ). Hence, not being tight lip, there is 
no bending of the curve ft. The turns of both springs nearly 
touch. 

It may now be useful to note, with regard to the design of 
such a tielical spring, the relation that subsists between the pull 
of the weight at the pulley face, the decrease of the diameter of 
the spiral, and the angular deflection of one end of the spring in 
a plane perpendicular to its axis, represented by the position or 
the point of contact P (Figs. 290 and 291) on RS. Let W= , 
dead weight applied, i.e. the tangential force at the circumference 
of the pulley of radius R. 

Then the moment (M) of the twisting couple in a plane per- 
pendicular to the axis of the spring is M- WR . If the coils are 
quite flat, and their planes at right angles to this axis, there will 
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be no torsion in the spring itself, and it will be wholly subjected 
to a bonding action due to M. 

# If r 0 = mean radius of the helix before W is applied, 
r = mean radius of tho helix after W is applied, 
and 0 = angle of twist, i. e. tho angle through which it is wound 
up. Then, since the moment of the twisting couple must just 
balance that due to tho elastic force of the spring when the arm 
A (Fig 290) has pome to some steady position P on RS, we have 



M ® El ( -~\ = EI , - WR, where 1 = length of the spring 

\ r V ^ 

and El represents the flexural rigidity of the material of which 
the spring is made. 

E being the modulus of elasticity for the material, i. e. tempered 
steel. 

I being the moment of inertia of the section of the material, i. e. 
for a square. 

In the present case, therefore, for square section I = where 
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(b) - length of ti side of that square section. Substituting in the 
above equation we have 

mnnwe 

lab- rj 12 7 

from which it can be seen that for a given pulley, material of 

, , , . . Iir (sectional area of spring)* 

the spring, and angle ot twist, II a — length ~ ' ' 

We have also that the deflection or distance'-through which W 
acts = IxB. 

Writing the first equation in another form, we get an expression 
for the amount of coiling of the spring for a particular weight W, 

Thus r- _ A7/ ’° — = - _ 

r 0 )YU + E l 1 *2v 0 U7i* + Eb* 

IK is evidently tlie nett pull on the circumference of pulley, and 
if T— tension (in lbs) of the tight or driving side of the belt, and 
t = tension (in lbs) of the slack side; then JF= (T— 1)~ nett pull 
of bolt in pounds, which is one factor of the horse-power trans- 
mitted. Also, if the pulley of the machine drivon by (7) is of 
radius (/) ft. and makes (n) revolutions per minute, then, for 
no slipping of tho belt, velocity of belt (v) = (2irfn) ft. per 
minute, and horse power 

transmitted = It 7 ' U, 

:j;i,ouo 311,000 2 

If the driven machine be a dynamo developing A amperes of 
current at a pressure of V volts on the external circuit at that 

A V 

speed, then the useful horse-power developed II x = ^ 


Its commercial or nett cflieiency is therefore— jr 1^0 per cent. 

11 2 

In conclusion, it may be mentioned that tho dynamometer 
forms a simple and accurato means of measuring the horse-power 
transmitted to any machine, ami works very satisfactorily pro- 
vided there is no skidding of the belts, and also that the spring 
(F) (Fig. 289) exerts sufficient tension on J to give a good 
reliable contact between the contact piece ( T ), to which the 
brass ring under j?, is electrically attached, and- the curved 
resistance RS. 
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Absorption Dynamometer. * . 

Fig. 293 illustrates an absorption dynamomoter which is a 
modification of a Prony brake for making brake tests of the 
horse power developed by electromotors. One great trouble in- 



Fio 29J. 

hprent in all such tests is the high speed (relatively to other 
prime movers^at which these machines run, especially small ones. 
This tends to cause a jerkiuess of the brake and trouble eons* 
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quently in reading the indications of the various parts. In Fig. 
293, three plies of cord make a half-lap over the top side of the 
brake pulley, at one side supporting a scale pan, and at the. other 
(the nearest to the observer looking at the figure) being attached to 
a single cord passing round a nearly frictionless pulley and hang- 
ing from tho lower end of the spring-balance seen at the top of 
the illustration. This double bend of the cord is merely for con- 
venience in having the balance in a position where it can be road 
easily. The threo plies of cord over the pulley aro kept in posi- 
tion by light brake blocks as shown. Thus the woights in tho 
pan will represent the tension on the tight side, and the reading 
of the balance that on tho slack side, so that their difference 
gives the nett load on the brake. The brake pulley shown is a 
special form of box pulley devised by the author, and water-cooled 
by an inlet or outlet pipe passing through a central opening. 

Another form of Prony brake, giving excellent results with 
small motors from about J 13.11 P. upwards at speeds up to 



2,000 revs, per min., is shown diagrammatically in Fig. 294, and 
consists of a light cast-iron flanged pulley P keyed to the shaft 
S of the motor to be tested and rotating truly on it. A light 
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framework FFF carries an eyelet E, from which hangs a spring 
balance w. From the lower end of tv a pliable cor$ passes 1£ 
timeg found P and is attached to another spring balance W. From 
the upper end of IV a cord C t passes round a small grooved 
pulley A (supported from F) to a fixed point B on an iron lever L f 
This lever is pivoted at / and is capable of moving in a guide G 
between the limits L and L\ If P rotates counter-clockwise as 
shown, (IF) will read the tension on the 1'njht side, and (w) that 
on the slack side, of the brake rope C, so that (IK — tr) = nett 
pull in lbs., and if (r) = radius of (pulley face -f £ diam. of C) 
in feet, then the torque exerted = (11' — w) r lb.-ft., and the 

B.H.P. = where n = speed of P in revs, per min. 

The ranges of IF and w may be as 3:1, and if the face of P 
rotates quite truly, the deductions of w and W are quite steady 
and easy to read. The hand pressure on L can bo both easily 
and very gradually applied, and when released, the weight of W 
raises L and releases P from the pressure of CC automatically — 
a fi aturc of some value in preserving the rope, and a convenience 
in motqrs which do not race on removal of load. 


Eddy Current Brake. 

One of’ the most convenient methods of measuring the brake 
horse-power of electro motors, petrol, and other motors, especially 
when the speed is high, is by means of an electro magnetic or 
eddy-current brake. While the principle has been used in 
commercial work to an enormous extent in light apparatus, 
e.y. in electricity meters and instruments, so far as the author is 
aware, Messrs. Morris A Lister of Charlton Works, Coventry, 
were the first to patent and put on the market a form suitable 
for absorbing and measuring the B.H.P. of electro-motors, etc. 
One of these, used by the author for many years, gave excellent 
results. Unfortunately the firm have ceased to make them, and 
jjb is therefore of little use to describe this particular form. The 
general prin&ple underlying the construction and action of all 
such brakes will readily be understood from Fig. 295. 
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A cylindrical ring C of copper is fixed securely to the outer 
surface of, an iron drum / keyed to the shaft (S) of the motor, 
and rotates in a multipolar electro-magnetic field system F.o 
Fixed to I) and in a line passing through the centre of S, is a 
light graduated lover L, from two to five feet from tip to shaft 
centre, and made of thin aluminium or steel tube. This moves 
opposite a fixed index scale B between stops A, and carries a 
light slider 1 ) from which known weights IF Man be hung. A 
small sliding weight to , which can be clamped by a set screw tin 
a light tail rod (/), serves to counterbalance the weight of L and 
1). A direct current, flowing through the field coils of t\ pro 
duces a poweiful multipolar magnetic field through the gap 
between / and the poles in which (' rotates. E.M.F.’s are 
therefore induced in (7, causing eddy or Foucault current «• 



to flow' in <\ which oppose the driving snuree, and the output of 
the motor is thus expended in heating ('. The sliength of these 
currents, and hence the B IIP. of the motor absorbed, depends 
on the strength of field, which is readily controlled by means of 
a rheostat in the exciting circuit. 

The force or torque resulting from the interaction between 
field and currents in C tends to drag the floating field system 
F round, and this is opposed and balanced by a gravitational 
force due to the weighted lexer L. 

When a position of J) (at a radius R feet from the shaft 
centre) in conjunction with the adjustment of excitation, is 
found, such that the above opposing forces balance, the lever m L 
will float between the stops A. The torque or turning moment 
(in lb. -ft.) exerted by the motor then = Wit and its B.H.P. = 
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*33 000 ttt a s P ef,< ^ ( n ) revs * P cr In * n * 

Tlyslield frame F can either bo carried by a separate support, 
giving freedom of oscillation, or on a sleeve by the motor spindle 
itself; but even in this method the weight duo to the whole 
brake is considerably less than the pull due to a bell drive. For 
example, a 3-lI.P. (continuous rating) size, made by Messrs. 
Morris & Lister, ymd running at 1,500 revs, per min., weighed 
4S lbs., while a 35-1 [,1\ (continuous rating) brake at 250 revs, 
per min. weighed 250 lbs complete. With a suitable provision 
in the design for ventilation, such brakes could be used for 
temperature load tests, but those are more economically effected 
by one or other of the well-known regenerative methods. A 
brake suitable for a certain IT.P. and speed (intermittent rating) 
will, of course, absorb smaller powers for longer periods, or one 
for continuous rating larger powers, up to 100%, for short 
periods. Higher speeds require smaller brakes. Anyone who 
has used this class of brake will have realized the many practical 
advantages it possesses over other kinds of absorption brakes, 
particularly in the matter of sensitiveness, control, smoothness 
of operation, and accuracy in repeating readings, to say nothing 
about the absence of wear, burnt blocks, bands, and rope and 
water-cool i n g arrangements. 

Soames Motor Testing Brake. 

This appliance belongs to the class of mechanical power 
measurers known as absorption dynamometers, and is a modified 
form of Prony brake made by Messrs. Nalder Pros, and Co. Lfc is of 
extremely simple construction, and gives perfectly definite weigh- 
ing of the torque on tho pulley under test against ordinary dead 
weights. It consists of a steel lever working on knife edges, 
which can be raised or lowered by the hand- wheel at the top of 
the brake. Holes are drilled in the lever at equal distances from 
the centre, corresponding to tho ordinary sizes of pulley in use. 

The centre of the brake is placed over the centre of the pulley, 
and from the two holes corresponding to tho diameter of the 
pulley under test is suspended a piece of webbing, which passe* 
round the pulley as in the diagram, Fig. 296. 
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When the pulley is running, a weight, say from J to 30 lbs., is 
suspended on the end of the arm as shown. 

The whole is then raised by turning the hand-wheel, tightening 
the belt on the pulley until sufficient friction is put on the belt 
to raise the arm to a horizontal position and keep it floating 
the e ; the speed of the pulley being taken at the same time. 

The weight is hung at either of the two holes at the end of the 
bar marked respectively H.P. K = ^ and Watts A'« ^ the one 



hole giving H.P. direct by multiplying weight in lbe. by revolu- 
tions per minute, and dividing by 4000, the other hole similarly 
giving Watts direct by dividing by 6. 
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The constant for H.P. is 2ir//-r 33,000, L being the distance of 
the weight from the centre. 

Tbp Size of the pulley does not enter into the equation, so long 
as the distance between the holes in the arm is equal to its 
diameter. 

The band must, in all cases, be hung from two holes equidistant 
from the centre. 

The pulley should be perfectly smooth and flat, and it is con- 
venient but not necessary to have it flanged. 

No lubricant is generally required, but a little black-lead may 
be applied if necessary ; no oil. • 

This brake is extremely accurate, and every reading can be 
repeated with certainty, each ono not taking more than ten 
seconds at the outside. 



TABLES OF 


CONSTANTS, LOGARITHMS, ETC. 

Standards for Copper Conductors. 

(Adopted by the Electrical Standards Committee representing the 
General Post Office^ Institution of Electrical Engineers , and all 
the leading cable manufacturers of Great Britain.) lie vised 
March 1910. 

A wire 1 metro Ion#, weighing 1 gramme, at, 00° F. (15‘6° 0.) 
has Matthiessen’s value of resistance — 

0-1539 standard oluis for hard-drawn, high conductivity 
commercial copper. 

0T50822 standard ohms for annealed, high conductivity com- 
mercial copper. 

These figures at 00° F. being calculated from 0T469 per metre- " 
gramme for hard-drawn, and 0 1440 for annealed copper at 32° F. 
by Matthiessen’s formula - 

j) dl 32 o 

<0 1 -6-002 15006 (4-32) + 0-00000278 (<-32) 2 

Hard-drawn copper is defined as that which will not elongate 
more than 1°/ Q without fracturo. 

Copper is taken as weighing 555 lbs. per cubic foot at 60° F., 
and its corresponding specific gravity — 8‘9 12. 

The average temperature coefficient is = 0 00238 per degree F. 

A lay of 20 times the pitch diameter is taken as the standard 
for calculating all tables. 

The resistance and woight of conductors is calculated from tlje* 
actual length of wire, or 1 -01 226 times the length of the cable for 
all except the centre wire. 

640 
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Maximum variation of resistance or weight of any wire allowing 
for losses in manufacture is 2%. 

All allowance of 1% increased resistance as calculated’ from the 
diameter is permissible on all tinned copper between Nos. 22 and 
1 2 gauges inclusive. 

The following tables of figures are deduced from the above 
constants — i 

Table XV. 

Copper Weighing 555 lbs. per Cubic Foot at 60° F. 


Solid Wires. 

Resistance in Standard Ohms of high conductivity 
Commercial Copper. 

Annealed. 

Ilard-Drawn. 

Resistance per cubic inch 
»> >> » cm. 

,, of 100 ins. 

weighing 100 grains. 
Resistance per mile 

» I' er y flrd , 

„ per mil. foot 

0*00000066788 

0*00000169639 

0*160168 

0 042317 -f area in □" 
0*000024044 + „ 

10 2044 

0 000000681327 

0 00000173054 

0*153181 

0 0431689 4- area in □" 
0 *0000245277 -f „ 
10*4099 


Weight per mile . . . . 2 '0350 x area in □" 

„ „ yaiil .... 11*6625 x „ 


The following table refers to copper cables with a lay = 20 times . 
the pitch diameter. 


Table XVI. 


Cable. 

Resistance in Standard 
Ohms. 

Weight. 

3- Strand 

4- „ 

7- „ 

12- „ 

19- „ 

37- „ 

61- „ 

91- „ 

0*33742 xr 
0*253065 xr 
0*1443557 xr 
0*084355 xr 
0*0532424 xr 

0 0273493 x r 

0 0165911 xr 
0*0111222 xr 

3 03678 x w 
4*04904 x w 

7 *07356 x w 
12*1471 xw 
19*2207 xw 
37*4414 xw 
61*7356 xw 
92*1034 xw 


where r=the resistance of each wire, 
and w= „ weight „ „ ,, . „ , 

The resistance of a cable being equal to the resistance in parallel of the wires. 
1 XT 
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International Standards of Resistance for 
Copper. 

I 

Extract from the British Engineering* Standards Association * 
Report, No. 7, July 1919. 

1. The following standards, fixed by the International Electro- 
Technical Commission, have been taken as normal values for 
standard annealed copper: — 

(i) At a temperature of 20° C. the resistance of a wire of 

standard annealed copper, one metre in length and of 
a uniform section of one square millimetre, is 1/58 ohm 
(0-017241 . . . ohm). 

(ii) At a temperature of 20° 0. the density of standard 

annealed copper is 8 '89 grammes per cubic centimetre. 

(iii) At a temperature of 20° C. the “ constant-mass ” tem- 

perature coefficient of resistance of standard annealed 
copper, measured between two potential points rigidly 
fixed to the wire, is — 

0 00393 = 1/254-45 . . . per degree Cent. 

(iv) As a consequence it follows from (i) and (ii) that at a 

temperature of 20° C. the resistance of a wire of 
standard annealed copper of uniform section, one metre 
in length and weighing one gramme, is — 

(1/58) X 8-89 as 0 15328 ohm. 

Coefficient of Linear Expansion of Standard Annealed * 
Copper. 

2. The coefficient of linear expansion of standard annealed 
copper between 60° F. (15-0° C.) and 68° F. (20° C.) has been 
taken as — 

0-00000944 per 1° F. (0-0000170 per 1° C.). 

Density of Standard Annealed Copper at 60° F. 

3. The density of standard annealed copper at a temperature 
of 60° F. has been taken as 8-892015, and the weight per one 
cubic foot of copper as 555*1108 lbs. 

Resistance of a Solid Conductor at 60° F. 

4. For the purpose of calculating the tables, the resistance of 
a solid conductor of standard annealed copper at 60° F., 1000 
yards in length and of uniform cross-sectional area of one square 
inch, has been taken as 0*0240079 ohm. 
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Table XVII. 

Relation between E.M.F. and Temperature op the Clark 
•Standard Cell— made according to Regulations, op the 
Carhart-Clark, and op the Weston Cadmium Standard 
Cells (see pp. 13 and 17). 


Temper- 

ature 

°C. 

E.M.F. in Leg’ll Volts. | 

Temper- 

ature 

°C. 

E.M.F. m Legal Volta. 1 

Clark. 

Carliarfc- 
" Clark. 

Weston 

Cadmium. 

Clark. 

Carhart- 

Clark. 

Weston 

Cadmium. 

4 

1*4441 

1-4S95 

1*01895 

16 

1*4329 

1-4835 

1*01846 

5 

1*1450 

1*4390 

91 

17 

1*4318 

1*4830 

42 

6 

1*4430 

1*4885 

87 

18 

1*4807 

1 4325 

84 

7 

1*4428 

1*4380 

83 

19 

1*4290 

1*4320 

84 

8 

1*4417 

1-4375 

79 

20 

1 4285 

1 4315 

80 

V 

1*4400 

1-4370 

75 

21 

1 4274 

1*4310 

20 

10 

1*4:495 

1*4305 

71 

22 

1 4263 

1*4305 

22 

11 

1*4384 

1*4300 

60 

28 

1*4252 

1*4300 

18 

12 

1*4373 

1*4355 

62 

24 

14*241 

1*4295 

14 

13 

1*4302 

1*4350 

58 

25 

1 *4230 

1*4290 

10 

14 

1*4351 

1*4345 

54 

26 

1*4219 

1*4285 

06 

15 

1*4340 

1-4340 

1*01850 

27 

1*4208 

1*4280 

1*01802 


Table XVTTT. 


Relation between Practical and C.G.S. (Absolute) Units. 




Absolute C.G.S. units. 

Dimensions. 


Practical 

units. 

Electro- 

mag- 

netic. 

Electrostatic. 

Electro- 

static. 

Electro- 

magnetic. 

Quantity . 

Current . 
Potential . 

Resistance. 

Capacity . 

.Self-Induction . 
Mutual Induction 
Power 

Work 

‘Induction . ^ 

1 coulomb 

1 ampere 

1 volt 

I ohm 

1 farad 

1 secohm 

1 secohm 

1 watt 

1 Joule 

1 wober 

10" 1 

10 _1 

10 8 

10 # 

10“® 

10» 

109 

107 

107 

108 

«X10" 1 «=8X10 9 
«X10 _1 *8Xl0 fl 3 

loV^jxiO" 

^XlO^sJxlO- 11 

t>2xl0“ 9 **9xlQ U 

*=3x 10™ 

M^T * 1 

mMt - * 

mWt j 

l~‘t 

L 

M*I> 

M^L^T - 1 

mUt - 9 

LT " 1 

L-v 

L 

L 

ml»t- s 

ML *!- 8 


velocity of light =8xl0 10 crns. per second. 
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Table XIX. 

Electro-chemical Equivalents, Specific Gravities, etc. 


Metal. 

Atomic 

weight. 

Chemical 
equivalent 
_ at. wt. 
valoncy 

Electro-chemical 
equivalent, 
grama per 
coulomb. 

Weight In 
grams per 
hour deposited 
by 1 amp. 

Specific 
gravity 
in grama 
per 

cub cm. 

Aluminium . 

27 0 

90 

0-00009317 

' 0-3364 

2-67 

Copper (monad) . 

63'1 

63-1 

0-00065735 

2 8666 

8-912 • 

.. (dyad) . 

63 T 

81-6 

0 00032867 

1-1832 

8-912 

Gold . . . 

196 7 

66-6 

0-00067806 

2-4410 

19 3 

Iron (dyad) . 

66 

28 

0 00028986 

1-0435 

7-85 

Lead . 

206-4 

103 2 

0-0010714 

8 8571 

11 4 

Nickel . . . 

68 6 

29 3 

0 00030538 

1-0994 

8-5 

Silver . 

108 

108 

0-0011180 

4-0249 

10-57 

Tin (djad) . 

117-8 

68 0 

0-00061077 

2-1988 

7-3 

Zinc . 

65 

32-6 

0-00033644 

1-2112 

7T5 

Hydrogen . 

1 

1 

0-000010352 

0-03738 

0 0000896 


Table XX. 

Temperature Coefficients and Specific Resistances of Pure 
Metals and Alloys, determined ly Professors J. A. Fleming 
and J. Dewar. 


Metals, 
pure, soft, 
and 

annealed. 

Specific 
resistance, 
p> m 

microhms, 
per c.c. 

at 0* O. 

Mean 

tomperature 
coefficient, 
a, between 
O' and 100*0. 

Alloys, 

usual proportions. 

Specific 
resistance, 
p, in 

inicrolimB, 
per c.c. 
at 0° C* 

Temperature 
coefficient, 
a, at 15* C. 

Platinum . 

10-917 

0 0096C9 

Platinum-silver . 

81-582 

0-000243 

Gold . 

2-197 

0-003770 

„ -iridium 

80 896 

0-000822 

Palladium . 

10-219 

0-003540 

,, -rhodium 

21-142 

0 00143 

Silver . 

1-468 

0-004000 

Gold-silver . 

6-280 

0-00124 

Copper 

1-561 

0 004280 

Manganese steel . 

67-148 

0-00127 

Aluminium. 

2-665 

0-004860 

-Nickel steel 

29-482 

0-00201 

Iron i . 

9-065 

0-006250 

German silver . 

29 982 

0-000273 

Nickel 

12823 

0-006220 

Platinoid . 

41-731 

0-000310 

Tin . . 

13-048 

0-004400 

Manganin . . 

46-678 

-0-00000 

Magnesium . 

4-355 

0-003810 

Silvoione 

2 064 

0*00285 

Zinc . . 

6-761 

0-004060 

Aluminium-silver 

4 341 

0-00288 

Cadmium . 

10-023 

0*004190 

„ -copper 

2-904 

0*00381 

Lead . . 

20-380 

0-004110 

„ -bronze * . 

12-300 

o-ooio 

Thallium . 

17-633 

0-003980 

Reostene* , 

76-460' 

0 00110 , 

Mercury . 

94-070 

0-000720 

Brass*. . 

7-2 

o-ooio 

Bismuth* . 

119-100 

0-00420 

Nickelin' . 

88-50 


Cobalt * 

9-71 

0-00330 

Carbon * retort . 

67000 



Tantalum *. 

14-6 

0-00330 

,, arc light Cairti . 

7000 

-0-0005 

Tungalen* . 

5-0 

0 0051 

„ glow lamp Edi- 



Osmium 1 . 

9-5 

— 

swan .... 

4000 

-0-00054 




Phosphor bronze* 






(commercial) . 

8*479 

0-00064 




Eureka* , 

47*48 

0*000022 * 




Cons tan tan * . , 


/- 0*00004 to 
\ + 1-00001 




Nickel Chrome . 

100 

-00042 


* Approximately pure. * Not determined by Fleming and DeWar, 
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Table XXL 


Approximate Specific Kesistance of the Commoner Liquids, and 
which ^Diminishes with Increase of Temperature about 
1 * 5 % per 1° C.' 


Solution. 

Spociflo Resistance 
(Legal ohms }>er c.c.). 

At a temper- 
ature (Degrees 
Cent.). 

Sulphuric acid, 5% acid, sp. gr. 1-033 

4 82 

18 

„ „ 10% „ „ 1-070 

284 

pf 

„ „ 20% „ „ 1-1414 

1-64 


„ „ 25% „ „ 1170 

0-99 

u 

„ „ 3ft% „ „ 1-220 

1*9 


„ » 4«% „ » 1*810 

1 48 

M 

Common salt (ordinal y)- saturated solution 

5-10 

f| 

Zinc sulphate „ „ „ 

20*3 

|f 

Copper „ „ „ „ 

Sal-ammoniac solution, sp. gr. V07 

300 


5-50 

|f 

Water 

03x106 

11 

" 

120X106 

7« 


Table XXII. 

Comparative Data for H.C. Copper and Aluminium. 



Copper. 

Aluminium. 

Conductivity (Electrical) 

100 

61*5 

Tensile Strength (unannealed) 

25-30 tons 

12-16 tons 

Melting-Point 

1200° O. 

70U° O. 

Speelfle Gravity 

b-9 

2-7 

Sectional Area for Equal Conductivity , 

1 

1-60 

Diameter „ „ „ ... 

1 

1-98 

Weight „ „ „ ... 

Temperature Co efficient per l 9 G. . 

1 

0*405 

0-00128 

0-0032 
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Table XXTII. 

/Eureka Resistance Material 

A Cupro-Nickel Allot (supplied by .'chr London Electric 
Wire Co. and Smith’s Ltd.), prepared with great care 

TO SECURE A NON-CORRODIBLE AND STABLE ALLOY. 
Temperature Co-efflclent . . 0-000022 per deg. C. 

Specifics Resistance .... 48 Microhms per cm. cube. 

„ Gravity 8 9 . 

Melting-Point 1260 8 C. 

Comparative Resistance . . 28 times copper. 

Tensile Strength .... 40 tons pei 84. inch. < 

Weight per eunic inch . . . 0 82 lb. 


Resistance and carrying capacity for 11 open spirals ” of Eureka 
wire in air , well ventilated with free radiation. 
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Table XXIV. 


Nickel Chrome Resistance Material 


A High Resistance Alloy (supplied by tiik London Electric 
Wire Co. and Smith’s Ltd.). 


Temperature Co-efflcie.it . 
BpeclUc Resistance . . 

„ Gravity . . . 
Melting-Point . . . 
Comparative Resistance 
Tensile Strength . . 
Weight per cubic inch . . 


00042 per dog. 0. 

100 Microhms per cm. oube. 
815. 

1550® C. 

58 times copper. 

47 ‘12 tons per sq. Inch. 

■29 lb. 


Resistance and carrying capacity of Nickel Chrome Wire. 


Si/e 

4W.G. 

Appioximate Resistance in Standard Oliras 
per 1000 )ds. at temperatuios of 

Approximate Amperes giving 
temporatures of 

200® C. 

400° O. 

COO® O. 

200*0. 

400® C. 

600® C. 

10 

452 

491 

638 

7*1 

12 

18 

17 

691 

646 

703 

6'0 

9 0 

14 

18 

8l»2 

879 

957 

43 

77 

11 

19 

1154 

1260 

1878 

87 

6-7 

8-4 

20 

1420 

1590 

1700 

8 3 

47 

0 8 

21 

* 1S^9 

1978 

2151 

27 

42 

6-2 

22 

2300 

2683 

2820 

2‘2 

8-5 

57 

23 

82 {7 

3535 

3800 

1-8 

2 8 

41 

24 

3828 

4187 

4555 

1 6 

2 4 

8‘8 

25 

4732 

6001 

5505 

1 4 

21 

87 

20 

6720 

626ft 

6870 

17 

1-9 

2-0 

27 

6890 

76:15 

8400 

1 0 

TO 

2-4 

28 

8400 

9250 

10070 

•93 

1-4 

2-0 

2ft 

10000 

10950 

11920 

‘78 

1-3 

1-8 

30 

12040 

13170 

14320 

68 

1 1 

1*0 

SI 

13700 

15040 

10370 

■01 

•88 

13 

82 

15880 

173(30 

18900 

•55 

•80 

1-2 

83 

18530 

20250 

22050 

50 

72 

11 

84 

21880 

23920 

26100 

•43 

•63 

•93 

85 

20250 

28700 

3160) 

•37 

66 

•83 

30 

82200 

85070 

38880 

•32 

•49 

•72 

87 

40100 

48800 

49000 

29 

•43 

■68 

88 

61400 

50300 

61270 

•21 

•34 

•49 

81 

08500 

74900 

81500 

•17 

•26 

•89 


80200 

87900 

95700 

•1ft 

•24 

•35 
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Table XXV. 

Tiie following Table shows the Current that will give certain 
rises in Temperature in various gauges of Reostenk Resist- 
ance Material, and also the Resistances and Watts ab- 
sorbed per yard in each case (W. T. Glover and Co.). 


d 

£ 

DO 

Ohms 

per 

yard at 
15-5* C. 

50* C. rise In temper* 
ature. 

100' C. rise In 
ti-mpci ature. 

1 60* C. rise in 
temperature. 

200* 0. rise in tern- 
pcratnre. 

Ohms per yard at 
65 5* C. 

Amperes giving a 
rise of 60 s C. 

Watts consumed 
per yard. 

Ohms per yard at 
115-5* C. 

Amperes giving a 
rise of 100° C. 

Watts consumed 
per yard. 

Ohms per yard at 
165 ’5* C. 

Amperes giving a 
rise of 150* C. 

Watts consumed 
per yard. 

Ohms per yard at 
215-5* C. 

a> & 

< 

Watts consumed 
per yard. 

8 

•0541 

■0571 

20-1 

23-1 

■0601 

33 0 

05-5 

■0631 

39 

96 

■0GC1 

53 

186 

0 

•0660 

•0700 

17-8 

22-4 

•0743 

281 

586 

•07 SO 

84 

90 

•0317 

43 

151 

10 

■0845 

•0890 

15-1 

20-3 

■0938 

228 

48-75 

•0984 

27 8 

70 00 

•103 

35-6 

131 

11 

•1024 

•1080 

13-2 

18-8 

•1137 

19 0 

4370 

119 

23 7 

00 7 

•125 

30 5 

116 

12 

•1200 

•130 

11-8 

17-4 

•143 

16-0 

89 85 

•150 

20-2 

61 2 

•157 

20*0 

100 

18 

■1646 

■174 

94 

35-4 

•188 

137 

84-35 

•192 

10 6 

52-8 

•201 

il7 

95 

14 

•2180 

•230 

7-6 

13-3 

■242 

11-0 

82 55 

•234 

13-9 

49 0 

•260 

18*0 

80 

15 

•2(570 

•282 

0-7 

12 7 

■200 

10 0 

20 00 

•311 

12-1 

45 5 

•320 

160 

83 

16 

■8882 

•857 

5-7 

110 

•877 

8 60 

27-90 

•394 

10*5 

434 

•413 

13-4 

74 

17 

•4406 

•405 

47 

10-3 

■489 

7 20 25-4 

■513 

8-8 

89 7 

■547 

113 

70 

18 

■6008 

•034 

4-0 

10-15 

■067 

5-9s'23 5 

•700 

7-35 

37 8 

•733 

0-27 

63 

19 

8677 

■915 

8-2 

9-38 

■903 

4 80^22 2 

1-01 

5 91 

358 

100, 

7*45 

59 

20 

1-068 

1-13 

2-84 

9 12 

1 19 

4 25 

21 5 

1-24 

6-25 

34 2 

1-30 

0-00 

58 

21 

1-3528 

1-43 

2'5 

8 04 

1 50 

8 75 

21-1 

1-59 

4 61 

33 8 

1-65 

5-80 

50 

22 

1-7600 

1-86 

2-15 

800 

1-96 

8 30 21-4 

2 06 

4 03 

33 5 

216 

5-07 

65-5 

23 

2-4030 

2 54 

1-83 

8-50 

2 07 

2-80 

20-9 

2-80 

3 44 

33-2 

2-93 

4-33 

55-0 

24 

2-8658 

302 

1-02 

7-93 

3-18 

2-53 

20 4 

3 34 

812 

32-5 

8-50 

8-96 

54-8 

25 

8 4665 

8-60 

1-49 

e 13 

3-85 

2 29 20 2 

4-04 

2-82 

32-2 

4-23 

8*57 

54-0 

26 

4 2764 

4-51 

1-82 

7-86 

4 75 

2-05 20-0 

4-08 

252 

31-0 

5-22 

8-19 

53-2 

27 

6-1531 

5-44 

1'2 

7-83 

5-72 

1-84 19-4 

000 

2-29 

81*4 

6-29 

2-90 

62-8 

28 

C-8279 

6 68 

1-07 

7-65 

7 02 

1-65 19-1 

7-87 

2 05 

31-0 

7-73 

2-59 

52 '3 

29 

7-4938 

7-91 

•08 

7-59 

8 32 

1*51 19*0 

8 73 

187 

30-4 

9T4 

2-86 

50-8 

80 

9-01125 

9-61 

•895 

7-01 

1000 

l-80|18-5 

10 50 

169 

29-9 

11*00 

2-15 

50-8 
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Table XXVI. 

Relation between gauges of covered Manganin wire and currents 

GIVING A RISE OF TEMPERATURE OF 100° C. ABOVE THE OU'JBIDB 

Am (W. T. Glover and Co.). 


3 

Amperes. 1 

No. B.WG. 

Arnpeies. 

No. B.W.G. 

Amperes. 

No. B.W.G 

Am pores 

2 

50 '0 

12 

120 

22 

167 

32 

0-386 

3 

49 0 

18 

9'8 

23 

1'32 

83 

0 335 

4 

39 0 

14 

7 97 

24 

1-093 

84 

0 31 

5 

84 0 

15 

0 47 

25 

0 952 

35 

0 272 

6 

30 6 

16 

6 55 

26 

0 807 

86 

0 235 

7 

25 5 

17 

4 08 

27 

0 677 

87 

0 209 

8 

22*5 

18 

8 03 

28 

ft 5‘>5 

88 

0188 

0 

10 0 

19 

2-90 

29 

0’4!>7 

89 

0’167 

10 

16 4 

20 

2 2 

80 

0-410 

40 

0148 

11 

13 9 

21 

1 9 

81 

0-410 




Note —For Tiftia wires in air Mr. L. R. Atkinson allows 1 sq In. of total external 
•urfaee per Watt to be dissipated for a temperature of 150* a 


Table XXVII. 

Showing the Currents that will Produce 212° F. (100° C.) rise in 
Temperature above the Surrounding Air for bare Manganin 
wiRii stretched horizontally and freely exposed to the Air 
(VV. T. Glover and Co.). 


8. W. O . . 

. No. 

8 

9 

10 

11 

12 

13 

14 

Amperes. . 


60 

60 

40 

35 

80 

25 

20 

H.W. G. . . 

. No. 

15 

10 

17 

18 

19 

20 

21 

Amperes. , 


15 

12 

10 

9 

8 

6 

6 


Note.— If placed ^eitically or coiled, an allowance must be made. 
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Table XXVIII. 

, f 

Densities op Dry Air in lbs. per cub# foot at different 
Temperatures and Pressures calculated by the Rela- 
, . f 0-001293 H 1 

ms (LBS. PER cubic ^) = {ffo 0 (j367"x'T) X 760/ X 
62-43, where T=Temp. in °C. and H = Pressure in mm. 
of Mercury at 0°O., Lat. 45°, <7 = 980*62. 0 001293 = 
Density in grams per c.c. at 0° C. and 760 mm. PRESsuRE r 
of Mercury. 1 gram per c.c. = 62*43 lbs. ter cubic foot. 


Temp 

Barometric Press 

uro 

n Millimetres of Mercury - II. 

T°C. 

710 tnm. 
27*95 in. 

720 

28-34 

730 

28*74 

7 

29 

10 

13 

750 

29*52 

760 

29*92 

770 

80*31 

780 

30*70 

0 

5 

10 

15 

20 

25 

80 

0-07541 

7400 

7274 

7148 

702a 

6904 

6791 

0*07647 

7609 

7381 

7249 

7124 

7008 

6885 

0*07754 

7617 

7480 

7348 

7223 

7098 

G9S4 

0*07 

7 

7 

7 

7 

7 

7 

859 

716 

578 

447 

'323 

197 

079 

1 

0*07968 

7821 

7685 

7554 

7425 

7300 

7173 

0 08072 
7920 
7784 
7647 
7521 
7392 
7274 

0-08179 

8030 

7893 

7754 

7617 

7492 

7307 

0*08285 

8134 

7991 

7847 

7716 

7581 

74G1 


Table XXIX. 


Comparison of Wire Gauges in Common Use. 
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Photometer Bench. 


Table XXX. 

Batiob of Squares of Distances from Screen to Sources of 
Light for different Distances (D) between the latter (for 
facilitating* Calculations of Candle Powers). 

(D - 

O.P. to be determined » C.P. of btandard x — ^ — where (d) « distance between 
acreen and standard. 

Nom— Intermediate values inay very approximately bo found by proportion, but Bhould 
be obtained from a curve between d and ^ when required more accurately. 


(D - d)2 

200 

800 

400 

500 

600 

(D - ttf) 

200 

800 

D =. 

400 

600 

600 

d? 

d 

d 

d 

d 

d 

da 

d 

d 

d 

d 

d 

81-00 

20-0 

80-0 

40 

60 0 

60-0 

1704 

89-0 

53 6 

78 

97-5 

1170 

76-67 

0 5 

0 76 

1 

1-25 

1-5 

16-51 

95 

0-25 

9 

8-75 

8-5 

72-68 

1-0 

1*6 

2 

2-60 

3-0 

16-00 

40-0 

00 0 

80 

100 0 

1200 

68 98 

1-6 

2-25 

8 

8-76 

4-6 

15-51 

0-5 

0 75 

1 

1-25 

1-5 

66-46 

' 2-0 

8 0 

4 

60 

60 

15-04 

1-0 

1-5 

2 

2-5 

80 

6328 

2-6 

8-76 

6 

6-25 

7-5 

14-69 

1-5 

2-25 

3 

8-75 

4-5 

69-24 

8-0 

4-5 

6 

7-6 

90 

14-15 

2-0 

8-0 

4 

5-0 

60 

66-41 

8-5 

6-25 

7 

8-76 

70-5 

13-74 

2-5 

8-75 

6 

6-25 

7-5 

63-77 

4-0 

60 

8 

60-0 

2-0 

13-82 

8-0 

4-5 

6 

7-6 

9-0 

61-81 

4-6 

6-75 

9 

1-26 

B -6 

12-94 

8-5 

6-25 

7 

8-75 

180*6 

49-00 

6-0 

7-5 

60 

2-5 

6-0 

12-57 

4-0 

o-o 

8 

110 0 

2-0 

46-81 

6-6 

8-25 

1 

3-75 

6-6 

12-21 

4-5 

6-75 

9 

1-25 

S -5 

44-78 

60 

8-0 

2 

6-0 

80 

11-87 

5-0 

7-5 

00 

2-5 

60 

42-85 

6-6 

9-75 

8 

0-25 

9-5 

11-53 

6-5 

8-25 

1 

8-75 

66 

41-04 

VO 

40-5 

4 

7-6 

81-0 

11-21 

c-o 

9-0 

2 

6-0 

80 

89-83 

7-6 

1-25 

5 

8-76 

2-5 

10-89 

6-5 

9-76 

8 

6-25 

0-6 

87-78 

8-0 

2-0 

6 

70-0 

4-0 

10-59 

7-0 

70-5 

4 

7-5 

1410 

86-21 

8-5 

2-75 

7 

1-25 

6-6 

10-30 

7-5 

1-25 

6 

8-76 

25 

84-77 

9-0 

8-6 

8 

2-6 

7-0 

10-02 

8-0 

20 

6 

120 0 

4-0 

83-40 

9-6 

4-25 

9 

8-76 

8-6 

0-754 

8-5 

2-75 

7 

1-25 

6-5 

8211 

80-0 

6-0 

60 

60 

90-0 

9-497 

9-0 

3-5 

8 

2-6 

7-0 

80-89 

0-5 

5-75 

.1 

0-25 

1-5 

9-247 

9-6 

4-25 

9 

8-75 

8-6 

29-72 

1-0 

6-5 

2 

7‘5 

8-0 

9-00 

50-0 

6-0 

100 

6-0 

160 0 

28-62 

1-5 

7-26 

8 

8-76 

4-5 

8-585 

1 

65 

2 

7-5 

8 

27*66 

20 

8-0 

4 

80-0 

60 

8 T 02 

2 

80 

4 

130 0 

6 

26-66 

2-5 

8-75 

5 

1-26 

7-6 

7-691 

8 

9-5 

6 

2-6 

9 

25-61 

8-0 

9T> 

6 

2-6 

90 

7-800 

4 

81-0 

8 

5-0 

162 

'24-69 

8-5 

60-25 

7 

3-75 

100-5 

6-950 

5 

2-5 

no 

7-5 

6 

28-83 

4-0 

1-0 

8 

5-0 

2-0 

6-013 

6 

4-0 

2 

140-0 

8 

28-01 

4-5 

1-75 

9 

0-26 

8-5 

6-205 

7 

5-5 

4 

2-5 

171 

22-22 

6-0 

2-5 

70 

7-6 

5-0 

6-085 

8 

7-0 

6 

6-0 

4 

21*47 

6-5 

8-25 

1 

8-75 

6-5 

6-710 

9 

8-5 

8 

7-5 

7 

20-76 

6-0 

40 

2 

90 0 

80 

5-44 

60 

900 

120 

160-0 

180 

20-06 

6-5 

4-75 

8 

1-25 

9-5 

6-193 

1 

1-5 

2 

2-6 

8 

16-41 

7-0 

6-5 

4 

2-5 

111-0 

4-909 

8 

8-0 

4 

5-0 

6 

18-78 

7-5 

6-25 

6 

3-75 

2-5 

4-730 

8 

4-6 

6 

7-5 

0 

w-iy 

8’0 

. 7-0 

6 

6-0 

4-0 

4-51 

4 

6-0 

8 

160-0 

192 

1760 

8-6 

7-76 

7 

6-26 

66 

4-813 

6 

7-5 

180 

2-5 

5 








Table or Siam, Weights abb Resistances rorf* 
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Table XXXII. 

The Table given below shows the sizes op Various Wirfa? op 
Different Materials which will fssh at the Currents 

GIVEN IN THE PIRST COLUMN (SlR W. H. PrEKOK). 


Current 

Tin Wire. 

J Lead Wire. 

| Copper Wire. 

| Iron Wire. 

in 



Diameter 

Inches. 


Diameter 

Inches. 


Diameter 

Inches. 

sTa 

Amperes. 

Inches. 

te 



1 

0-0072 

86 

0-0081 

85 

0 0021 

47 

00047 

40 

2 

0 0113 

81 

00128 

80 

0-0034 

43 

0 0074 

86 

S 

0 0149 

28 

0 0168 

27 

0 0044 

41 

0 0097 

83 

4 

0-0181 

26 

0 0203 

25 

0-0053 

89 

0 0117 

81 

5 

0-0210 

2ft 

0 0238 

23 

0-0062 

88 

00136 

29 

10 

0-0334 

21 

0*0375 

20 

0 0098 

83 

0-0210 

24 

1ft 

0*0437 

19 

0 0491 

18 

0*0129 

80 

0 0283 

22 

20 

0-0529 

17 

0 0595 

17 

0*0158 

28 

0 0348 

20*5 

2ft 

0-0614 

16 

0-0690 

15 

0 0181 

26 

0-0398 

19 

30 

0-0694 

15 

0 0779 

14 

0 0205 

25 

0 0450 

18-6 

35 

0-0769 

14*6 

0-0864 

18-5 

0*0227 

24 

0 0498 

18 

40 

0*0840 

13 5 

0-0944 

13 

0*0248 

23 

00545 

17 

4ft 

0*0909 

13 

0-1021 

12 

0*0268 

22 

0-0589 

16 5 

50 

0-0975 

12-5 

0-1095 

11*5 

0 0288 

22 

0 0032 

16 

60 

0-1101 

11 

0*1237 

10 

0*0325 

21 

0 0714 

1ft 

70 

0-1220 

10 

0*1371 

9*5 

0*0360 

20 

0-0791 

14 

80 

0-1334 

9*6 

0*1499 

85 

0*0394 

19 

0*0864 

1S-5 

90 

01443 

9 

0*1021 

8 

0-0420 

18*5 

0*0986 

18 

100 

01648 

8-5 

01789 

7 

0-0457 

18 

01008 
01188 " 

12 

190 

0-1748 

7 

0*1964 

6 

0-0610 

17*6 

11 

140 

0-1937 

6 

0 2176 

6 

0-0572 

17 

01265 

10 

ICO 

0-2118 

6 

0-2379 

4 

0 0625 

10 

01872 

9-5 

ISO 

0-2291 

4 

0-2573 

3 

0-0676 

16 

0-1484 

9 

200 

0-2457 

8-5 

0 2700 

2 

0 0725 

1ft 

01592 

8 

250 

02861 

1ft 

0 3203 

0 

0-0841 

18 5 

0*1848 

6-6 


Non.— The above numbers can only be taken as approximate, as the actual current 
required to fuse any gauge will depend on the length of fuse and cooling effects of the fuse 
block in which it is placed. 

In Allo-tin diameters 3‘0 % greater than those of lead fuse at the tame currents. 


Useful Numbers. 


Metres 

Feet 

Centimetres 

Inches 

Mils. 

Sq. cms. 

Sq. inches 
Sq. inches 
Cubic „ 
cms# 


X 3-2809 
X 0-3048 
X 0-3937 
X 2-54 
X 0-025.4 
X 0155 
X 000155 
X 6-451 
X 16-387 
X 0-061027 


= feet. 

= metres. 

= inches. 

— cms. 

— millimetres, 
= sq. inches. 
= sq. mm. 

= sq. cms. 

= cub. „ 

= „ inches. 
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Kilogrammes X 

2-2046 

= 

= pounds. 

Miles X 

1*609 

= 

= kilometres. 

Kilometres x 

1094 

= 

= yards. 

Pounds (avoir.) x 

0*4536 

= 

kilogrammes. 

Gallons 

0*1604 


cubic ft. 

Cubic ft. 

6*2355 

= 

gallons. 

Gallons (water) x 

10-0 

= 

pounds. 

Cub. fs. ( „ ) x 

62-27 

= 

» 

Metres x 

39-3704 


inches. 

Foot x 

30-4797 


tins. 

Pounds (avoir.) x 

453*593 

= 

grammes. 

Itevs. per sec. x 

6-2832 

= 

radians j>er sec. 

Feet' „ min, x 

0-005 

= 

metres per „ 

Metres „ sec. x 

197 

= 

ft. per min. 

Joules Equivalent = 1390 lb. cent, units 


= 4 - 156 x 10 7 ergs per gram. °0. 
Acceleration duo to Gravity ( g ) at Greenwich 
= 32*1908 ft. sec. units 
= 98M7 cm. „ „ 

Dousity of mercury = 13*596 grammes per c.c. 


Watts 

X 

0-7373 

= 

foot lbs. per sec. 

Joules (i. e. Watt secs.) 

X 

10 7 

= 

ergs. 


X 

0-7373 

= 

ft. lbs. 

» *» 

X 

0-239 

= 

calorics. 

Calorics 

X 

4*158 


Joules. 

Ft. lbs/ 

X 

1*35 

= 

„ 

Kilogrammeters 

X 

7*233 

- 

ft. lbs. 

Ft. lbs. 

X 

0-138 

= 

kilogrammotors. 

Horse-power 

X 

746 

= 

Watts. 

» » 

X 

33000 

= 

ft. lbs. per min. 

» it 

X 

550 

= 

u tt sec. 

tt »» 

X 

76 

= 

kilogrammeters per sec. 

Watts 

X 

44*25 

= 

ft. lbs. per min. 

tt 

X 

01 

= 

kilogrammeters per sec. 

H.P. hours 

X 

1980000 

= 

ft. lbs. 

a n 

X 

2685600 

=> 

Joules. 

Kilowatt hours 

X 

1*34 

= 

H.P. hours. 

» >» Jl 

X 

2656400 

= 

ft. lbs. 


Length of circumference of circle radius (r) = 2^' = trd. 



656 


ELECTRICAL ENGINEERING TESTING 


Area of circumference of circle radius (r) -n r 2 - «= *7854d 2 . 

Ratio of circumference of circle to its diam. r ' < 

( 7 r) = 3*14159 = ^ approx, 
log. *■= 0-4971499. 

Base of hyperbolic or Napierian logarithms c = 2*71828 . . . 
To convert Napierian into Common logarithms multiply by 
0-43429. 

To convert Common into Napierian logarithms multiply 
2-30258. 

Lbs. per yard of pure copper wire => area in sq. ins. x 11-5625. 
Ohms per yard of pure copper wire at 60° F. (15 5° C.) 

<=0 0000244657 -i-area in sq. ins. 

Pounds per 1000 yards 10 % — pounds per kilometre. 

„ „ 1000 „ -f- 2 = kilograms per „ 
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Logarithms. 


A 



0 

> 

2 

8 

1 

6 

6 

7 

8 

9 

1 

2 

3 


5 

6 

7 

8 

9 

10 

0000 

0043 

0080 

0128 

0170 

0212 

0253 

0294 

0334 

0374 

4 

8 

12 17 

21 

25 

29 

S3 

37 

11 

0414 

0453 

0492 

0531 

0569 

0607 

0645 

0082 

0719 

0765 

4 

8 

11 15 

19 

23 

20 

80 

84 

is 

0792 

0820 

0804 

0809 

0934 

0909 

1004 

1038 

1072 

1106 

8 

7 

10 14 

17 

21 

24 

28 

81 

13 

1139 

1173 

1206 

1230 

1271 

1303 

1335 

1367 

1399 

1480 

3 

0 

10 18 

16 

19 

23 

20 

29 

14 

1401 

1492 

1523 

1553 

1584 

1614 

1044 

1673 

1703 

1732 

3 

6 

9 12 

15 

18 

21 

24 

27 

15 

1761 

1790 

1818 

1847 

1875 

1903 

1931 

1959 

1987 

2014 

3 

0 

8 11 

14 

17 

20 

22 

25 

16 

2041 

2068 

2095 

2122 

2148 

2176 

2201 

2227 

2253 

2270 

3 

5 

8 11 

13 

16 

18 

21 

24 

17 

2304 

2330 

2365 

2380 

2405 

2430 

2455 

2480 

2504 

2529 

2 

6 

7 10 

12 

15 

17 

20 

22 

18 

2553 

2577 

2601 

2625 

2648 

2h72 

2095 

2718 

2742 

2705 

2 

5 

7 

9 

12 

14 

10 

19 

21 

19 

2788 

2810 

2838 

2850 

2878 

2900 

2923 

2945 

2967 

2089 

2 

4 

7 

9 

11 

13 

10 

18 

20 

SO 

8010 

3032 

3054 

8075 

3096 

8118 

3139 

3100 

3181 

8201 

2 

4 

6 

8 

11 

13 

15 

17 

19 

SI 

8222 

3243 

3263 

82S4 

8304 

3324 

3345 

8305 

3385 

8404 

2 

4 

6 

8 

10 

12 

14 

16 

18 

82 

3424 

8444 

8464 

8483 

8502 

8522 

3541 

8500 

3579 

3598 

2 

4 

6 

8 

10 

12 

14 

15 

17 

83 

3617 

8630 

8065 

8674 

8692 

3711 

3729 

8747 

8766 

8784 

2 

4 

6 

7 

9 

11 

13 

15 

17 

24 

3802 

8820 

8838 

8856 

8874 

3892 

3909 

3927 

3915 

8902 

2 

4 

5 

7 

9 

11 

12 

14 

10 

25 

3979 

8997 

4014 

4031 

4048 

4005 

4082 

4099 

4110 

4133 

2 

a 

5 

7 

9 

10 

12 

14 

15 

26 

4150 

4166 

4183 

4200 

4210 

4232 

4249 

4205 

4281 

4298 

2 

8 

5 

7 

8 

10 

11 

13 

15 

87 

4314 

4330 

4340 

4362 

4878 

4398 

4409 

4426 

4440 

4460 

2 

3 

6 

6 

8 

9 

11 

13 

14 

28 

4472 

4487 

4502 

4518 

4533 

4548 

4564 

4579 

4594 

4600 

2 

3 

6 

0 

8 

9 

11 

12 

14 

29 

4624 

4030 

4054 

4669 

4083 

4698 

4713 

4728 

4742 

4757 

i 

8 

4 

0 

7 

9 

10 

12 

13 

30 

4771 

4786 

4800 

4814 

4829 

4848 

4857 

4871 

4886 

4900 

i 

8 

4 

6 

7 

9 

10 

11 

13 

81 

4914 

^28 

4942 

4955 

4969 

4988 

4997 

5011 

6024 

6088 

i 

3 

4 

6 

7 

8 

10 

11 

12 

32 

5051 

5065 

5070 

5092 

5105 

5119 

5132 

5145 

6159 

6172 

i 

3 

4 

f 

7 

8 

9 

11 

12 

33 

5185 

5198 

5211 

6224 

5237 

5250 

6263 

5270 

5289 

5302 

i 

3 

4 

6 

C 

8 

9 

10 

12 

84 

5315 

5328 

5310 

6363 

6360 

5378 

5391 

6403 

5410 

5428 

i 

3 

4 

5 

C 

8 

9 

10 

11 

35 

5441 

6453 

5465 

6478 

5490 

6502 

5614 

6527 

6539 

5551 

i 

2 

4 

5 

0 

7 

9 

10 

11 

36 

5568 

6576 

5587 

6509 

5611 

5623 

5635 

5647 

5658 

5070 

i 

2 

4 

6 

6 

7 

8 

10 

11 

87 

5682 

5604 

6706 

5717 

6729 

5740 

5752 

6703 

5776 

5786 

i 

'l 

3 

5 

6 

7 

8 

9 

10 

88 

5798 

6809 

5821 

6882 

6843 

5855 

5860 

6077 

6888 

5809 

i 

i 

3 


6 

7 

8 

9 

10 

89 

5911 

5922 

5933 

5944 

5955 

5960 

5977 

5088 

6999 

6010 

i 

2 

3 


5 

7 

8 

9 

10 

40 

6021 

603.5 

6012 

0058 

6004 

6075 

6086 

6006 

0107 

6117 

i 

2 

3 


5 

6 

8 

0 

10 

41 

6128 

6138 

0149 

0180 

6170 

0180 

6191 

6201 

6212 

6222 

i 

2 

3 


5 

6 

7 

8 

9 

42 

6282 

0243 

6263 

6263 

6274 

6284 

6294 

0304 

6314 

6325 

i 

2 

8 


5 

0 

7 

8 

9 

43 

6335 

6345 

0355 

6865 

6376 

6S85 

0395 

6405 

6415 

6425 

i 

2 

3 


6 

0 

7 

8 

9 

44 

6435 

6444 

6454 

6464 

6474 

6484 

6493 

0503 

0513 

0622 

i 

2 

8 


6 

6 

7 

8 

9 

45 

6532 

6542 

6551 

6561 

6571 

6580 

0690 

6599 

0609 

6618 

i 

2 

8 


6 

6 

7 

8 

9 

46 

6628 

0037 

0646 

6650 

6666 

6676 

6684 

6693 

6702 

0712 

i 

2 

3 


6 

6 

7 

7 

8 

47 

6721 

0780 

0789 

0749 

6768 

6767 

0770 

6785 

6794 

0808 

i 

2 

8 


6 

5 

6 

7 

8 

48 

6812 

6821 

0830 

6839 

6848 

6857 

6860 

6875 

6884 

6898 

i 

2 

8 


4 

5 

6 

7 

8 

49 

6902 

6911 

6020 

0928 

6937 

6946 

0955 

6964 

6972 

6081 

i 

2 

8 


4 

5 

6 

7 

8 

60 

6990 

6908 

7007 

7016 

7024 

7033 

7042 

7050 

7059 

7007 

i 

2 

8 

8 

4 

5 

6 

7 

8 

51 

7076 

7084 

7093 

7101 

7110 

7118 

7126 

7185 

7148 

7152 

i 

2 

8 

8 

4 

5 

6 

7 

8 

62 

7160 

7168 

7177 

7185 

7193 

7202 

7210 

7218 

7226 

7285 

i 

2 

2 

8 

4 

6 

0 

7 

7 

68 

7248 

7251 

7259 

7207 

7275 

7284 

7292 

7800 

7808 

7816 

i 

2 

2 

3 

4 

5 

0 

6 

7 

64 

7824 

7832 

7840 

7848 

7856 

7364 

7372 

7880 

7888 

7806 

i 

2 

2 

3 

4 

5 

0 

6 

7 
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Logarithms. 


a 

D 

H 

D 

B 

B 

B 

6 

7 

8 

9 

i a 


5 

6 

7 

8 

8 

M 

7404 

7412 

7410 

7427 

7435 

7448 

7451 

7459 

7466 

7474 

1 

2 

2 

3 

4 

6 

6 

0 

7 

56 

7483 

7490 

7497 

7605 

7513 

7520 

7528 

7586 

7543 

7551 

1 

2 

2 

3 

4 


5 

6 

7 

57 

7569 

7566 

7574 

7582 

7589 

7597 

7604 

7612 

7619 

7027 

I 

r 

2 

3 

4 


6 

6 

7 

58 

7634 

7642 

7649 

7657 

7664 

7072 

7679 

7080 

7694 

7701 

1 

i 

2 

3 

4 


6 

6 

7 

59 

7709 

7716 

7723 

7731 

7788 

7745 

7752 

7760 

7767 

7774 

1 

i 

2 

8 

4 


5 

6 

y* 

60 

7782 

7789 

7796 

7803 

7810 

7818 

7825 

7882 

7850 

7840 

1 

i 

2 

8 

4 


6 

0 

6 

61 

7853 

7860 

7868 

7875 

7882 

7889 

7896 

7908 

7910 

7917 

1 

i 

2 

3 

4 


5 

6 

6 

63 

7024 

7931 

7938 

7945 

7052 

7959 

EZEJ 

7973 

7080 

7987 

1 

i 

2 

8 

8 


6 

0 

m 

63 

7093 

8000 

8007 

8014 

8021 

8028 

8035 

8041 

8048 

8055 

1 

i 

2 

8 

3 


6 

5 

6 

64 

8062 

8069 

8075 

8082 

8089 

8096 

8102 

8109 

8116 

8122 

1 

i 

2 

3 

3 


5 

6 

6 

65 

8129 

8136 

8142 

8149 

8150 

8102 

8169 

8170 

8182 

8189 

1 

i 

2 

8 

8 


6 

6 

6 

66 

8195 

8202 

6209 

8215 

8222 

8228 

8235 

8241 

8248 

8254 

1 

i 

2 

8 

8 


5 

5 

6 

67 

8201 

8207 

8274 

8280 

82R7 

8293 

8299 

8306 

8312 

8319 

1 

i 

2 

8 

8 


6 

5 

6 

68 

6325 

8331 

8388 

8344 

8351 

8857 

8363 

8370 

8376 

8382 

1 

i 

2 

8 

8 


4 

5 

6 

69 

8388 

8395 

8401 

8407 

8414 

8420 

8426 

8432 

8489 

8445 

1 

i 

2 

2 

3 


4 

5 

6 

70 

8451 

8457 

8468 

8470 

8476 

8482 

8488 

8494 

8500 

8500 

1 

i 

a 

2 

8 


4 

6 

6 

71 

8513 

8519 

8525 

8531 

8537 

8543 

8549 

8555 

8501 

8507 

1 

i 

2 

2 

8 


4 

5 

5 

7* 

8573 

8579 

8585 

8591 

8597 

8603 

8609 

8615 

8621 

8627 

1 

i 

2 

2 

8 


4 

6 

□ 

78 

8633 

8639 

8645 

8051 

8657 

8063 

8669 

8675 

8681 

8630 

1 

i 

2 

2 

8 


4 

5 

HI 

74 

8692 

8698 

8704 

8710 

8716 

8722 

8727 

8733 

8739 

8745 

1 

i 

2 

2 

8 


4 

5 

5 

75 

8751 

8756 

8762 

8768 

8774 

8770 

8785 

8701 

8797 

8802 

1 

i 

2 

2 

8 

8 

4 

6 

6 

76 

8808 

8814 

8820 

8825 

8831 

fig 

8842 

8848 

8854 

8859 

1 

l 

2 

2 

3 

8* 

4 

5 

6 

77 

8865 

8871 

8876 

8882 

8887 


8899 

8904 

8910 

8916 

1 

i 

2 

2 

8 

S 

4 

4 

5 

78 

8921 

8927 

8032 

8938 

8043 



8960 

lasiisi 

8971 

1 

i 

2 

2 

8 

3 

4 

4 

5 

79 

8976 

8932 

8987 

8993 

8998 


9009 

9015 

9020 

9025 

1 

i 

2 

2 

8 

8 

4 

4 

5 

80 

9081 

9036 

0042 

9047 

9053 


9003 

9069 

9074 

9079 

1 

i 

2 

2 

8 

3 

4 

4 

5 

81 

0085 

9090 

9096 

9101 

9106 

0112 

9117 

9122 

9128 

9188 

1 

i 

2 

2 

8 

8 

4 

4 

5 

82 

0138 

9143 

9149 

9164 

9160 

9165 

9170 

0175 

9180 

9186 

1 

i 

2 

2 

8 

8 

4 

4 

6 

83 

9101 

0106 

0201 

9200 

0212 

9217 

9222 

9227 

9232 

9238 

1 

i 

2 

2 

8 

8 

4 

4 

6 

84 

9243 

9248 

9253 

9258 

9263 

pEBbi 

9274 

0279 

9284 

9289 

1 

i 

2 

2 

3 

8 

4 

4 

6 

85 

9291 

9209 

9304 

0309 

9316 

0820 

9325 

9330 

9385 

9340 

1 

i 

2 

2 

S' 

8 

4 

4 

6 

86 

9845 

0350 

9855 

9360 

9865 

0870 

9375 

9380 

9385 

0390 

1 

i 

2 

2 

8 

8 

4 

4 

5 

87 

9395 

9400 

9405 

9410 

9415 

9420 

9425 

0430 

9435 

9440 

0 

i 

1 

2 

2 

8 

8 

4 

4 

88 

9445 

9450 

9455 

0460 

9465 

9469 

9474 

9479 

9484 

0489 

0 

i 

l 

2 

2 

8 

8 

4 

4 

89 

9494 

9499 

9504 

9609 

0513 

0518 

9523 

9528 

9533 

0538 

0 

i 

1 

2 

2 

8 

8 

4 

4 

90 

9542 

9547 

9552 

9557 

9562 

0566 

9571 

9576 

9581 

9586 

0 

i 

1 

2 

2 

8 

8 

4 

4 

91 

9590 

9595 

9600 

9605 

9609 

9614 

9619 

9624 

9628 

9038 

0 

i 

1 

2 

2 

8 

8 

4 

4 

93 

9638 

9643 

9647 

9652 

9057 

9661 

9666 

9671 

9675 

9680 

0 

i 

1 

2 

2 

8 

8 

4 

4 

93 

9685 

9689 

9694 

9600 

9708 

0708 

9718 

9717 

9722 

9727 

0 

i 

1 

2 

2 

8 

8 

4 

4 

94 

9781 

9780 

9741 

0745 

9760 

9754 

0750 

9768 

9768 

9773 

0 

i 

1 

2 

2 

S 

8 

4 

4 

95 

9777 

9782 

9786 

0701 

9795 

9800 

9805 

9809 

9814 

9818 

0 

i 

1 

2 

,2 

8 

8 

4 

4 

96 

9888 

0827 

9882 

9886 

9841 

9845 

9850 

9854 

9859 

0863 

0 

i 

1 

2 

2 

8 

8 

4 

4 

67 

9868 

9872 

9877 

9881 

9886 

0890 
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4404 

4271 

444 

255 

4425 

4405 

4S86 

4307 

2 

4 

6 

8 

10 

11 

13 

15 

17 

23 

4348 

4829 

4310 

4202 

4287 

4219 

4202 

4184 

2 

3 

5 

7 

9 

11 

12 

14 

16 

21 

4107 

4149 

4182 

4115 

4098 

082 

4065 

4049 

4032 

4010 

2 

4 

6 

7 

9 

10 

12 

14 

16 

25 

4000 

3984 

3968 

3958 

8987 

8921 

3906 

8891 

8876 

8801 

1 

3 

4 

0 

7 

9 

10 

12 

18 

26 

8846 

8881 

8817 

8802 

8788 

8774 

8750 

37+5 

8731 

8717 

1 

2 

4 

5 

7 

8 

0 

11 

12 

27 

8704 

3690 

3076 

8603 

8650 

8686 

3023 

HfilO 

8597 

8584 

1 

2 

4 

5 

0 

8 

9 

10 

12 

28 

8671 

8569 

3540 

3534 

8521 

8509 

3497 

3184 

8472 

3400 

2 

3 

4 

5 

6 

8 

0 

10 

11 

29 

8448 

3486 

3425 

8418 

8401 

8390 

8378 

3307 

3356 

3344 

1 

3 

4 

6 

0 

7 

6 

9 

11 

30 

8883 

8822 

8811 

8300 

8289 

8279 

8208 

8257 

8247 

8237 

1 

3 

4 

5 

6 

7 

8 

9 

10 

31 

8226 

tt!15 

8205 

8195 

8185 

8175 

8165 

8155 

8145 

8186 

2 

3 

4 

5 

6 

7 

8 

9 

10 

82 

8125 

8115 

8106 

8090 

3080 

3077 

3067 

3058 

3049 

3040 

1 

2 

8 

4 

5 

6 

7 

8 

9 

33 

8030 

8021 

8012 

8003 

2994 

2985 

2976 

2967 

2959 

2950 

1 

2 

S 

4 

4 

5 

6 

7 

8 

84 

2941 

2938 

2924 

2915 

2907 

2899 

2890 

2882 

2874 

2805 

0 

1 

2 

3 

4 

6 

5 

6 

7 

86 

2867 

2849 

2841 

2833 

2825 

2817 

2809 

2801 

2793 

2785 

1 

2 

8 

3 

4 

6 

6 

7 

7 

86 

2778 

2770 

2702 

2755 

2747 

2740 

2782 

2725 

2717 

2710 

1 

2 

3 

8 

4 

6 

6 

6 

7 

87 

2703 

2695 

2688 

2081 

2074 

2067 

2060 

2653 

2646 

2030 

1 

2 

3 

3 

4 

6 

6 

0 

7 

38 

2632 

2625 

2018 

2011 

2001 

2597 

2591 

2584 

2577 

2571 

0 

1 

2 

2 

8 

4 

4 

5 

0 

39 

2664 

2558 

2561 

2545 

2538 

2582 

2525 

2510 

2518 

2500 

1 

2 

2 

3 

4 

4 

5 

6 

6 

10 

2600 

2494 

2488 

2481 

2476 

2469 

2403 

2467 

2451 

2446 

1 

1 

2 

2 

3 

4 

4 

6 

6 

11 

2430 

2488 

2427 

2421 

2415 

2410 

2404 

2398 

2392 

2387 

1 

2 

2 

3 

8 

4 

5 

5 

6 

42 

2381 

2375 

2370 

2364 

2358 

2353 

2347 

2342 

2336 

2331 

1 

1 

2 

2 

8 

8 

4 

6 

6 

43 

2326 

2320 

2315 

2309 

2304 

2299 

2294 

2288 

2288 

2278 

1 

1 

2 

2 

S 

8 

4 

4 

5 

11 

2273 

2208 

2262 

2257 

2252 

2247 

2242 

2287 

2232 

2227 

0 

1 

1 

2 

2 

3 

8 

4 

4 

45 

2222 

2217 

2212 

2208 

2208 

2198 

2193 

2188 

2188 

2179 

1 

1 

2 

2 

8 

3 

4 

4 

5 

16 

2174 

2169 

2165 

2160 

2156 

2151 

2146 

2141 

2187 

2182 

0 

0 

1 

1 

2 

2 

3 

8 

4 

17 

2128 

2128 

2119 

2114 

2110 

2105 

2101 

2090 

2092 

2088 

0 

1 

1 

2 

2 

2 

3 

8 

4 

48 

2083 

2079 

2075 

2070 

2006 

2062 

2058 

2053 

2049 

2045 

1 

1 

2 

2 

2 

3 

3 

4 

4 

18 

2041 

2087 

2083 

2028 

2024 

2020 

2018 

2012 

2008 

2004 

0 

1 

1 

2 

2 

2 

8 

3 

4 

60 

2000 

1996 

1992 

1988 

1964 

1980 

1976 

1972 

1909 

1005 

0 

1 

1 

1 

2 

2 

8 

8 

3 

51 

1961 

1957 

1958 

1949 

1946 

1942 

1038 

1984 

1031 

1027 

1 

1 

1 

2 

2 

8 

8 

3 

4 

68 

1928 

1919 

1916 

1912 

1908 

1905 

1901 

1898 

1894 

1890 

1 

1 

1 

2 

2 

3 

8 

8 

4 

53 

> 1887 

1888 

1880 

| 1870 

1878 

1869 

1866 

1862 

1859 

1855 

0 

1 

1 

1 

2 

2 

2 

8 

8 

64 

; 1862 

1848 

; 1845 

1842 

1 1888 

1885 

1832 

1828 

1825 

1821 

1 

1 

1 

2 

2 

2 

3 

3 

8 


Reciprocal! from 2 to 10-0' I Reciprocals from 101 to 1000=0-00 

„ „ to 100=0-0 I „ 1001 to 0909-0000 

Ncn«.— Numbers In difference column* to be subtracted, not added. 
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, Reciprocals of Numbers from 1 to 9999. 



0 

1 

2 

3 

4 

5 

6 

7 

6 

8 

1 

2 

8 

4 

5 

6 

7 

8 

» 

55 

1818 

1815 

1812 

1808 

1805 

1802 

1799 

1795 

1792 

1789 

1 

1 

1 

2 

2 

2 

3 

8 

8 

56 

1786 

1783 

1779 

1776 

1773 

1770 

1767 

1764 

1761 

1767 

1 

1 

1 

1 

2 

2 

2 

8 

8 

67 

1754 

1751 

1748 

1745 

1742 

1739 

1786 

1738 

1730 

1727 

0 

l 

1 

1 

1 

2 

2 

2 

8 

58 

1724 

1721 

1718 

1715 

1712 

1709 

1706 

1704 

1701 

1693 

0 

0 

1 

1 

1 

1 

2 

2 

2 

59 

1695 

1092 

1689 

1686 

1681 

1681 

1078 

1675 

1072 

1609 

1 

1 

1 

2 

2 

2 

2 

3 

8 

60 

1667 

1664 

1661 

1658 

1666 

1653 

1650 

1647 

1645 

1642 

0 

1 

1 

1 

2 

2 

2 

2 

8 

61 

1689 

1637 

1684 

1631 

1629 

1626 

1023 

1621 

1618 

1016 

0 

1 

1 

1 

1 

2 

2 

2 

2 

62 

1613 

1610 

1608 

1605 

1603 

1600 

1597 

1595 

1592 

1590 

0 

1 

1 

1 

1 

2 

2 

2 

2 

63 

1587 

1585 

1582 

15S0 

1577 

1575 

1572 

1570 

1567 

1565 

l 

1 

\ 

1 

2 

2 

2 

2 

8 

64 

1563 

1560 

1558 

1565 

1558 

1550 

1548 

1540 

1543 

1541 

0 

0 

0 

1 

1 

1 

1 

2 

2 

65 

1538 

1536 

1534 

1631 

1529 

1527 

1524 

1522 

1520 

1517 

1 

1 

1 

1 

2 

2 

2 

2 

2 

66 

1515 

1518 

1511 

1508 

1506 

1504 

1502 

1499 

1497 

1405 

1 

1 

1 

1 

1 

2 

2 

2 

2 

67 

1493 

1400 

148S 

1486 

1484 

1481 

1479 

1477 

1475 

1473 

0 

0 

0 

0 

1 

1 

1 

1 

2 

68 

1471 

1468 

MOO 

1464 

1462 

1460 

1458 

1450 

1453 

1451 

0 

1 

1 

1 

1 

2 

2 

2 

2 

69 

1449 

1447 

1445 

1443 

1441 

1439 

1437 

1485 

1433 

1431 

0 

1 

l 

1 

1 

1 

2 

2 

2 

70 

1428 

1427 

1425 

1422 

1420 

1418 

1416 

1414 

1412 

1410 

0 

0 

0 

0 

1 

l 

1 

1 

1 

71 

1408 

1406 

1404 

1403 

1401 

1399 

1897 

1895 

1393 

1391 

1 

1 

1 

1 

1 

2 

2 

2 

2 

72 

1889 

1587 

1385 

1383 

18S1 

1379 

1377 

1870 

1374 

1372 

0 

0 

0 

1 

1 

1 

1 

1 

1 

73 

1870 

1868 

1366 

1864 

1362 

1301 

1859 

1357 

1355 

1853 

0 

0 

0 

0 

0 

1 

1 

1 

1 

74 

1851 

1850 

1348 

1840 

1344 

1342 

1840 

1839 

1337 

1835 

0 

0 

0 

1 

1 

1 

1 

1 

1 

75 

1833 

1832 

1330 

1828 

1326 

1325 

1823 

1821 

1319 

1317 

0 

0 

0 

0 

0 

1 

1 

1 

1 

76 

1816 

1814 

1312 

1811 

1309 

1307 

1805 

1304 

1802 

1800 

0 

0 

0 

1 

1 

1 i 

il 

1 

1 

77 

1299 

1297 

1295 

1294 

1292 

1290 

1289 

1287 

1285 

1281 

0 

0 

0 

0 

1 

1 

1 

1 

1 

78 

1282 

1280 

11279 

1277 

1276 

1274 

1272 

1271 

1269 

1207 

0 

1 


1 

1 


1 

2 

2 

79 

1266 

1264 

1263 

1261 

1259 

1258 

1256 

1255 

1253 

1252 

0 

1 

1 

1 

1 

1 

1 

2 

2 

80 

1250 

1248 

j 

1247 

1245 

1244 

1242 

12sl 

1239 

1238 

1236 

0 

0 

0 

0 

1 

1 

1 

1 

1 

81 

1235 

1233 

1232 

1230 

1229 

1227 

1226 

1224 

1222 

1221 

0 

0 

1 

1 

1 

1 

1 

1 

1 

82 

1220 

1218 

1217 

1215 

1214 

1212 

1211 

1209 

1208 

1206 

0 

0 

0 

1 

1 

1 

1 

1 

1 

83 

1205 

1203 

1202 

1200 

1199 

1198 

1190 

1195 

1193 

1192 

1 

1 

1 

1 

1 

1 

1 

2 

2 

84 

1190 

1189 

1188 

1186 

1185 

1183 

1182 

1181 

1179 

1178 

0 

0 

0 

0 

0 

1 

1 

1 

1 

85 

1176 

1175 

1174 

1172 

1171 

1170 

1108 

1167 

1166 

1164 

0 

0 

0 

0 

0 

'0 

0 

1 

1 

86 

1168 

1161 

1160 

1159 

1157 

1156 

1155 

1153 

1152 

1151 

0 

0 

0 

1 

1 

1 

1 

1 

1 

87 

1149 

1148 

1147 

1145 

1144 

1143 

1142 

1140 

1189 

1138 

0 

1 

1 

1 

1 

ll 


1 

1 

88 

1186 

1135 

1184 

1133 

1131 

1130 

1129 

1127 

1120 

1125 

0 

0 

1 

1 

1 

|1 

1 

1 

1 

89 

1124 

1122 

1121 

1120 

1119 

1117 

1116 

1115 

1114 

1112 

0 

0 

0 

0 

0 

1 

1 

1 

1 

00 

1111 

1110 

1109 

1107 

1106 

1105 

1104 

1108 

1101 

1100 

0 

0 

0 

1 

1 

1 

1 

1 

1 

01 

1099 

1098 

1096 

1095 

1094 

1093 

1092 

1091 

1089 

1088 

0 

0 

1 

1 

1 

1 

1 

1 

1 

92 

1087 

1086 

1085 

1083 

1082 

10S1 

1080 

1079 

1078 

1070 

0 

0 

0 

0 

1 

1 

1 

1 

1 

93 

1076 

1074 

1073 

1072 

1071 

1070 

1068 

1067 

1066 

1065 

0 

0 

0 

0 

0 

0 

0 

0 

1 

94 

1064 

1063 

1062 

1000 

1059 

1058 

1057 

1056 

1055 

1054 

0 

0 

0 

0 

0 

1 

1 

1 

1 

95 

1058 

1052 

1050 

1049 

1048 

1047 

1046 

1045 

1044 

1048 

0 

0 

0 

0 

1 

1 

1 

1 

1 

96 

1042 

1041 

1040 

1038 

1037 

1086 

1035 

1084 

1083 

1032 

0 

0 

0 

0 

0 

0 

1 

1 

1 

97 

1081 

1030 

1029 

1028 

1027 

1026 

1026 

1024 

1022 

1021 

1 

1 

1 

1 

1 

1 

] 

1 

1 

98 

1020 

1019 

1018 

1017 

1016 

1015 

1014 

1013 

1012 

1011 

0 

0 

0 

0 

0 

0 

] 

1 

1 

99 

1010 

1009 

1008 

1007 

1006 

1005 

1004 

1003 

1002 

1001 

0 

0 

0 

0 

1 

1 

1 

1 

1 


Reciprocals from 2 to 10 =0- I Reciprocals from 101 to 1000=0 00 

„ ,,1110 100=0-0 | „ „ 1001 to 9999=0000 

Note.— N umbers In difference columns to be subtracted, not arfded. 




ELECTRICAL ENGINEERING TESTING 


665 


Table op Doubled Squaius Roots for 

» 


• 

0 

100 

200 

800 

400 

500 

600 

700 

800 

900 


0 

o-ooo 

20-00 

28-28 

8404 

40-00 

44-72 

48-90 

52-92 

66-67 

00-00 

0 

1 

2-000 

20-10 

28-85 

34-70 

40-05 

44-77 

49 03 

62 95 

60-00 

60 03 

1 

2 

2 823 

20 20 

28-43 

84-70 

40-10 

44-81 

49 07 

62 99 

56 04 

60 07 

8 

3 

8 464 

20 30 

28 50 

34 81 

4015 

44-86 

49-11 

53 03 

50 67 

co-io 

8 

4 

4-000’ 

20-40 

,28-57 

84-87 

40 20 

44-90 

49-15 

63'07 

56-71 

60-13 

4 

5 

4 472 

20-49 

'28-64 

31 93 

40 25 

44-94 

49 19 

53-10 

56 75 

60-17 

5 

6 

4 899 

20-59 

28 71 

84 99 

40-30 

44-90 

49 23 

53-14 

66-78 

60-20 

6 

7 

5 292 

20-09 

28-77 

85-04 

40-35 

45 03 

49-27 

53-18 

60-82 

00-23 

7 

8 

6 057 

20 78 

28-84 

85-10 

40-40 

45 08 

49-32 

53 22 

66 85 

60-27 

8 

9 

0 000 

20 88 

28 91 

35 10 

40 15 

45*12 

49-36 

63 25 

60 80 

00 30 

9 

10 

0-826 

20 98 

28-98 

85 21 

40-50 

45 17 

49 40 

53-29 

56-92 

00-33 

10 

11 

0-6 SS 

21-07 

20 05 

35-27 

40 55 

45-21 

49-44 

53-33 

66-90 

60 37 

11 

12 

0 928 

2117 

29-12 

85 83 

40 GO 

45 25 

49-48 

53-37 

50-99 

60-40 

12 

13 

7-211 

21-26 

29-19 

85-88 

40-64 

45 30 

49-52 

53-40 

67 03 

60 43 

13 

14 

7-483 

21-85 

29 20 

85-44 

40-69 

45 34 

49 50 

63-44 

57 06 

CO -40 

14 

15 

7-740 

21-45 

29 33 

85 60 

40-74 

45 39 

49 00 

53 48 

6710 

00 60 

15 

16 

8 000 

21-64 

29 39 

85 65 

40 79 

45-43 

49 04 

63-52 

57-13 

00-53 

16 

17 

8-240 

21-03 

29-40 

35 61 

40 84 

45-48 

49-68 

53 55 

57-17 

60 50 

17 

18 

8-485 

21-73 

29 53 

85 07 

40 89 

45 52 

49-72 

53 59 

57 20 

00()0 

18 

19 

8-718 

21-82 

29-00 

35-72 

40 94 

45 56 

49-76 

63-03 

67-24 

60-63 

19 

20 

8 044 

21-91 

29 0 O 

35 78 

40 99 

45-61 

49-80 

53-07 

67 27 

60 66 

20 

21 

0-105 

22 00 

29 78 

85 83 

41-04 

45 05 

49-84 

53-70 

57-31 

0070 

81 

22 

9-381 

22 09 

29-80 

85 89 

41-09 

45-09 

49-88 

63-74 

67-84 

60-73 

22 

23 

9-592 

22 18 

29-87 

85 94 

41 13 

45-74 

49-92 

53-78 

67 38 

60 70 

23 

24 

9-798 

22 27 

20-93 

36-00 

41-18 

45-78 

49-90 

63-81 

57 41 

60 79 

24 

25 

10-000 

22 36 

30-00 

SfaOC 

41-23 

45-83 

50-00 

58-85 

57-45 

00 88 

25 

26 

10-198 

22-46 

80-07 

36 11 

41-28 

45-87 

50-04 

63 89 

57-48 

00-80 

26 

27 

10-392 

22-54 

80-13 

SO 17 

4133 

45 91 

50 08 

53 93 

57 52 

00 89 

87 

28 

10 553 

22 63 

80-20 

30 22 

4138 

45-96 

50-12 

53-96 

67 55 

60-93 

28 

29 

10-770 

22 72 

SO 27 

80 28 

41 42 

40 00 

50-10 

51 00 

57-58 

60-90 

29 

80 

10-954 

22 80 

80-33 

80 83 

41 47 

40-04 

50-20 

64 01 

57 62 

60 99 

30 

81 

11-186 

22-89 

80-40 

86 89 

41-52 

46 09 

60-24 

54 07 

57-05 

61 02 

81 

32 

11-314 

22-98 

80 40 

80-44 

4167 

40-18 

50-28 

54 11 

57-09 

61 00 

32 

33 

11 489 

23-07 

80 53 

80 50 

41 02 

4617 

60 32 

54 15 

57 72 

01 09 

S3 

34 

ll -»,62 

23-15 

80-59 

80-55 

41-67 

40-22 

60 30 

54 18 

57-76 

61 12 

84 

85 

11-832 

28-24 

80-00 

36 61 

4171 

46-26 

60-40 

54-22 

57 79 

0116 

35 

86 

12-000 

23-82 

80 72 

80-00 

41-76 

40-80 

60-44 

54-26 

57 88 

61-19 

86 

87 1 

12-160 

23 41 

80 79 

80 72 

41-81 

40-35 

60 48 

54-30 

67 86 

01 22 

87 

38 

12-329 

23-49 

80 85 

86-77 

41-86 

46-39 

50-52 

54 33 

57 90 

61 25 

38 

39 

12-490 

23-58 

SO ‘92 

86-82 

41-90 

46-43 

50 56 

54 37 

57-93 

61-29 

39 

40 

12-049 

23-00 

30 98 

80 88 

41 95 

46-48 

50 60 

64-41 

57-97 

01-32 

40 

*41 

12-806 

28-75 

81-05 

86 93 

42 00 

46-52 

60-64 

64 44 

6800 

0185 

41 

42 

12-961 

28-88 

81-11 

86-99 

42-05 

46-50 

60-08 

54-48 

58-08 

61-88 

42 

43 

18-115 

23-92 

81-18 
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ratio of A.C. Static Transformers . . . .402 

146 & 149 Converters, Efficiency of Multi-phase Rotatory : 433 & 439 

147 “No Load” characteristic of Rotary . . .438 

J48-152 Other tests on Rotary .... 439-443 
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Test No. Page 

Converters, Syne^miring Rotary . . . . .441 

% Copper and Aluminium, Comparative Tablo for . . 645 

Conductors, Standards for ... 640-2 

Electro-Chemical Equivalent of . . .11 

137 Losses in Transformer (Short Circuit Teal) . . .407 

Voltameters, Directions as to the use and arrangement of . 14 

Cradle, Absorption Dynamometer . . . . n 621 

Arc Lamp l’hotometor ..... 587 

9-1 Balanc^Method of finding the Efficiency and B. H. P. of D. C. 

or A.C. Motors ...... 252 

Critical Resistance at a given Speed for a Seiics Wound Dynamo 154 

Resistance at a given Speed for a Shunt Wound Dynamo . 159 

Commutator of a Dynamo, General Remailcs on, and Thompson’s 
Method of finding the Distribution of Potential round the , 195 

75 of a Dynamo, Mordey’a Method of Finding the Distribution 

of Potential round tho. . . . .199 

76 of a Dynamo, Mordey Swinburne Method, ditto . . 201 

80 Coils, Localization of Faults in Magnetizing . . . 213 

Crompton D’Arsonval Galvanometer .... 569 
Crompton’s Potentiometer . . . . . .510 

154 Ciment andE.M.F. Curves of an Alternator, the Tonodic . 446 

iff Circuits having Ohmic Resistance and Self-induction only, 

Relation of Frequency and . . . . .310 

Curve Plotting ....... 1 

Plotting, Notation for points in . ' . 3 

Tracer, Ewing’s Magnetic ..... 609 

Curves of Electrical Horse-powei Developtd . . . 147 

Polar ........ 56 

D 

D’Arsonval Galvanometer, Crompton .... 669 
Densities of I)ty Air at difleient Temperatures and Pressures, 

Table of ..... 650 

78 Distribution of Waste Field in Dynamos, Determination of the 

Relative ....... 207 

25 of Light fiom an Elecliio Arc Lamp . . . .67 

22 of Light from an Electric Glow Limp . . .55 

of Potential round tho Commutator of a Dynamo, General 

remarks on, ami Thompson’s Method .... 195 

75 of Potential round tho Commutator of a Dynamo (Mordey’s 

Method) . . . . . . .199 

75 of Potential round tho Commutator of a Dynamo (Mordoy- 

Swinlnirne) ... . . .201 

• Double Square Roots for Kelvin Balances, Table of . . 666 

156 Duddell Oscillograph, “ Wave-forms” by the . . .451 

64 Dynamo, Deteimination of Separate Field Magnet Winding for 

Ti uly Compounding . . . . . .165 

55 Determination of Speed and E M. F. which produces a True 

Compounding . . . . . . .167 

62 Determination of the Characteristic of a Compound Wound 

(f^ng Shunt) . . . . . . .160 

63 ——Determination of the Characteristic of a Compound Wound 

(Short Shunt) . . . . . . 163 

60 Determination of tho Characteristic of a Shunt Wound . 155 
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Pynainq, Determination of the Critical Resistance (at given speed) 

for a Series . . . . . . , 154 

59 Determination of the Curve of Magnetization of a Scries *' 

Wound ........ 166 

61 Determination of tho Curve of Magnetization of a Shunt 

Wound 159 

53 Dcteimination of the External Characteristic of a Series . 150 

—— Determination of the Total Characteristic of a Compound 

Wound (Long Shunt) . . . . . . 102 

Determination of tho Total Characteristic of a Compound 

Wound (Short Shunt) . . . . . . .164 

Determination of Total Chaiacti listic of Seiies Wound . 152 

• Deleinnnation of ihe Total Chaiacteristic ofa Shunt Wound 157 

Dispersion Coeflieient in Induction Motors . . . 288 

75 Moiduy's Method of finding Dio distribution of Potential 

round the Commutator of a . . . . .199 

76 Mordey-Swinluirno Method, ditto .... 201 

Thompson’s Method of finding the Distribution of Potential 

round t he Commutator of a ..... 195 

79 with vaiying Air Gaps, Maguetic Chaiacteiistic of , . 211 

D\ namometer, Absoiption . ..... 633 

Cradle Absorption , . . . . .621 

85 Measurement of Kflioieney ofa Generator by Transmission . 230 

— — Measuiing Instruments, Parr’s Direct-leading . . 572 

Siemens Electro- . . . . . .577 

Siemens Ilorsc-powei Transmission .... 623 

Spnng Transmission . . , . , t . 625 

Wattmetei, Siemens ...... 580 

77 Dynamos and Motors, Analysis of Internal Loss of Power in . 202 

43 & 49 Mca 8 Uiemcnt of tlm Insulation Resistance of . 113 &. 129 

54 Determination of tho “Charactenstic” of Magneto . 143 

55 Determination of the “ Characte listic ” of separately excited 147 

83 Efficiency by Hopkinson’s Electrical Method of Direct 

Current ....... 223 

84 *— Efficiency by Kapp’s Elcctiieal Method of Direct Currevt . 220 
82 — — Efficiency by Swinburne's Electrical Method of Direct 

Current . . . . . • . 219 

56 Internal Characteristic or Curve of Magnetization of sepa- 

rately excited . . . . . . .148 

Introductory Remarks on the “ Characteristics ” of . . 142 

57 Relation between External and Exciting Currents of separ- 

ately excited . . . . . . .149 

53 Relation between Speed and E.M.F. in Direct Current , 140 

K 

Eddy Current Absorption Dynamometer Brake . . .635 

j 23 Currents in Magnetic Material, Measurement of . 348 & 352 

93 Efficiency and B.1I.P. of D.C. Compound Wound Kloctro-Motors 251 

gg and B.H.P. of D.C. Series Wound Electro-Motors . , 241 

92 and B.H.P. of D.C. Shunt Wound Electro-MotorB . . 248 

95 and B H. P. of Electro- Motor (Swinburno’s Electrical Method) 265 ' 

90 and B.H.P. of 500 Volt Direct Current Tram and Railway 

Motors ....•••• 245 

94 and B. II. P. of small Electro-Motors (Cradle Balance Method) 252 
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100 Efficiency and B.H.P. of Multi-phase A.C. Electro-Motors . 272 

BO — - and B. H.P. of Single-phase A. C. Electro- Motors \ . 269 

24 •——and O.P. of Electric Arc Lamps, Measurement of the 

Commercial ....... 63 

25 andC.P. of Electric Arc Lamps, Measurement of the Nett 

Optical 66 

21 and C P. of Electric Glow Lamps, Measurement of the . 60 

74 and Internal Loss Test of a Pair of Alternators . 192 

33 and Storage Capacity of Soeondary Cells, Measurement of the 76 

and Storage Capacity of Secondary Cells, Ways of represent* 

. ing the 

105 B.H.P. Ac., of Single-phase Commutator Motors , • 299 

107 B.H.P. Ac., of Synchronous A.C. Motois . . .309 

163 of a Booster or Motor Genoiatoi Set . . . , 444 

168 of a Gas-Engine Dynamo Generating Set, the Comnicicial . 465 

85 of a Generator, Measurement by Transmission Dynamometer 

of the . . . . . . . .230 

144 of a Nodou Valve Rectifier . . . . .427 

145 of a Rotary Rectifier . . . . . .431 

159 0 f a Steam-Engine Dynamo Generating Set, the Commercial 468 

73 of an Alternator without loading it up . . , 185 

157 of au Electro-Motoi-Fan Set . .... 462 

96 of D.C. Electro-Motors (Poole’s Electrical Method) - . 258 

83 of Direct-Current Dynamos (ITopkinson’s Electrical Method) 223 

84 of Direct-Current Dynamos (Kapp’s Electrical Method) . 226 

82 of Dircct-Curient Dynamos (Swinburne’s Electrical Method) 219 

of Dynamos (Hopkinson’s Method), Proof of Foimula for the 497 

101 -• — of Induction Motor (Heyland Method) . . . 277 

102 of Induction Motor (Sumpner-Weekes method) . . 288 

146 & 149 of Multi-phase A.C. Rotary Converters . . -133 & 439 

143 of Multi-phase A.C. Static Transformers . . . 424 

139-142 of Single-phase A.C. Static Tiansfouucis . . 412-424 

142 of Single-phase A.C. Static Transformers (Blakcsley’s 

Dynamometer; Method) ..... 422 

140 of Single-phuso A.C. Static Transformers (by Double Cou- 

* version) . . . . . . .414 

139 of Single-pliaso A.C Static Transformers (by Single Con- 
version) . . . . . . .412 

141 of Single-phase AC. Static Transformers (by Sumpner's 

Method) . . . . . . .417 

of Transformers (Blakesley’s Method), Proof of Formula for 

the ........ 502 

103 Slip, Torque, Load, &c., in Induction Motor with Variable 

Rotor Circuit Resistance, Relation between . . . 294 

18 Electricity Meter, Calibration of an . . . .43 

• 19 Meter, Complete Test of an . . . .45 

Electro-Chemical Equivalents of Copper for various current den- 
sities, Table of. . . . . . .41 

Equivalents, Table of ..... 644 

Electro-Dynamometer, Siemens . . . . .677 

144 Electrolytic Rectifier, Efficiency of a Nodou Valve . . 427 

94 Electro-Motors, Efficiency and 13. H.P. (by Cradle Balance Method) 

ofomall . . . . . . .262 

95 —Efficiency and B.H.P. (by Swinburne’s Electrical Method) 

of 255 

X X 2 
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93 Electro-Motors, Efficiency ami B.H.P. of D.C. Compound Wound 

8ft Eftfciency and B.H P. of D.C. Series Wound 

92 Efficiency and B H.P. of D.C. Shunt Wound » 

100 Efficiency and B H.P. of Multi-phaso Jy C. . 

99 Efficiency and B H P. of Single-phase AC.. 

96 (Poole’s Electrical Method), Efficiency of D.C. 

General renuiks on the Testing of continuous and A.C. 

132 Electrostatic Capacity of Concentric Caldos by Standard Magneto 
Inductor Method ...... 

130 Capacity of Concentric or Ordinaiy Cables ami CondonserB 

by the Alternating Current Method .... 

Capacity of Electric Wires and Cables, General Notes on 

the ........ 

131 — — Capacity of Short Cables by Kelvin Multicellular Voltmeter 

Method ....... 

Voltmeters ....... 

Voltmeters, Kelvin’s Multicellular .... 

155 E.M.F. and Current Cuivcs of an Alternator (Ballistically), the 
Periodic ....... 

151 and Cimeut Curves of an Alternator (Electrostatically), the 

Periodic . . 

65 and Speed at which a Dynamo truly Compounds, Determina- 

tion of . 

53 and Speed in Direct Current Dynamos, Relation between . 

• and Tempeiature of Clark’s Weston Cadmium and Carhart- 

Claik’8 Standard Cells, Table giving .... 

of an Alternator, Algobraical Relation expressing the 

Total . . . . . . . 

of an Armature Coil at different positions (Thompson’s 

Method), Investigation of . . 

of Armatuie Coils, Thompson’s Method of Measuring the . 

67 with Excitation (at constant speed) in Alternators, Varia- 

tion of . 

66 with Speed (at constant excitation) in Alternators, Variation 

of t . 

Errors in Ammeteis and Voltmeters, Enumeration of • 

Eureka Resistance Material, Table for . . . 

Evershed Bridge-Megger Constant Piessure Generator for 

Briilgo-Megger Index, Adjuster for . 

Bridge-Megger Insulation Testing Set, Description of the . 

Megger Insulation Testing Set, Description of the . 

Portable Testing Sets, Description of the 

1 25 Ewing’s Hysteresis Tester, Measurement of Magnetic Hysteresis by 

• Magnetic Curve Tiaecr ..... 

87 Excitation with Speed of D.C. Motors, Variation of (for Constant 

Voltage) ....... 

58 External Characteristic of Series Dynamo, Determination of tho . 
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Factor in Induction Motors, Leakago , , 288 

109 in A.C. Circuits, Measurement of Power . . .316 

157 Fan Set, Efficiency of an Electro-Motor . . .' 462 

50 Faults in Electric Mains, Localization of .... 130 
80 Faults in Magnetizing Coils, Localization of 213 
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64 Field Magnet Windings for Truly Compounding a Dynamo, 

Determination of . . . .' .165 

• frequency, Slip and Speed, Measurement by Stroboscopic Method 262 
111 — — and Curront, rower, Impedance, and Angle of I^ag in 
Circuits having Ohmic Resistance and Self-Induction only, 
Relation between . . . . , .321 

110 and Tempoiature in Circuits having Ohmic Resistance and 

Self-Induction only, Relation between . . .319 

113 on Circuits having Capacity and Ohmic Resistance, Effect of 326 

114 on Circuits having Self-Induction, Capacity, and Ohmic 

• Resistant e, Effect of . . . . . .328 

— - — of the Supply in A.C. Circuits, Effects of Variation of the . 310 
Fuse Table for Different Diameters and Currents . , . 654 

a 

Calvnnometer, Crompton D'Arsonval . . . .569 

Galvanometers, Deviation of deflection fiom direct proportionality 

in Reflecting . . . . . . .490 

Sensitive Poitable ...... 571 

158 Gas-Engine Generating Set, the Commercial Efficiency of . . 465 

Gauges, Weights, Resistances ami Sections, Table giving relation 
of different metals of . . . . . .653 

Comparison of diflercnt Wire ..... 650 

Gearing of Engine Indicators . . . . .469 

Generator, tho Evershed Biidgc-Moggcr Constant Pressure . 514 

21 GJow Lamp, Measurement of the Efliticney and C.P. of Elcctiic . 50 

22 Variation of C.P. with direction around an Electric . . 55 

Guard -wire in Tests on tho Insulation Resistance of Cables, Price’s 1 00 


H 

101 Hey land Diagi am, Experimental and Graphical Deduction of . 277 

74 Hopkinson Principle for Testing a Pair ot Alternators . . 192 

83 Ho{fkinson’s Electrical Method of Mcasuiing Efficiency of D.C. 

Dynamos . . . . . . .223 

Method of Measuring Dy namo Efficiency, Proof of Formula 497 

122 Permeamotcr, Measurement of Magnetic Permeability by . 347 

102 Ilonkinson-Sumpner Method of Testing Induction Motors . 288 

Horse-power Curves . . . . . .147 

Transmission Dynamometer, Siemens . . . 623 

Houseman’s Method of Separating tho Internal Losses in a Dynamo 

or Motor . . . . . . .204 

125 Hysteresis by Ewing’s Hysteresis Tester, Measurement of Magnetic 356 

123 in Magnetic Material (Single-pbaso A.C a), Measurement of 

Magnetic ....... 848 

Tost, Preparation of Iron samples fur • . 350 

Horizontal Candle Power, Mean . . . , .66 


I.H P. V a Compound or Triple-Expansion Engine, Determination 
of the ........ 473 

Illumination Photometer, Trotter’s . , . .590 
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116 Impedance and Phase Relations between Currents in Circuits 

hating Capacity and Self-Ind. in Parallel, Variation of . 883 

118 , f Reactance and Self-Ind. with Position of Movable Core in ' 

Solenoidal Choker ....... 839 

126 , Reactance, and Self-Ind. of Alternators, Motors, Trans* 

formers, &o. by Alternating Currents . . . .*358 

119 , Reactance, Self-Ind., Curient and Power, Effect of Length 

of Air Gap in a Closed Magnetic Circuit on . . . 841 

113 with Capacity, Frequency, and Resistance in Circuits having 

Capacity and Resistance only, Variation of . . 326 

114 with Self-Ind., Capacity, and Resistance in Circuits having » 

Self-Ind., Capacity, and Resistance, Variation of . . 328 

111 with Self-Ind., Frequency and Resistance in Circuits having 

Self-Ind. and Resistance only, Variation of . . . 321 

Indicator Diagram, Determination of the I.H.P. from the . 471 

Diagram, Form and Explanation of an . . .470 

51 Indicators, Calibration of Speed ..... 134 

Gearing of Engine . . . . . .469 

Table of Springs for Thompson’s Steam-Engine . . 534 

Thompson^ Stcam-Engino . . . . .531 

101 Induction Motor, Complete Test without loading it up . . 277 

102 Motor, Complete' Test by Sumpncr-Wcckes method . . 288 

104 Motor, Relation between Starting Torque, Current, Voltage, 

and the Rotor Circuit resistance of an . . . 296 

100 Motors, Efficiency and II. H.P. of Polyphase . . 272 

99 Motors, Efficiency and R. II P. of Single Thase . . 269 

97 Motors, No-Load Open-circuit Test on . . .264 

98 Motors, No-Load Short-circuit, Test of . . ' . 267 

M utors, Ratio of Transformation in .... 265 

Motors, Testing of Asynchronous A. O. . . . 260 

103 Motors with variable Rotor Circuit Resistance, Relation 

between Efficiency, Slip, Torque, Load, &c., in . . 294 

117 Inductive A.C. Circuits, Determination of Load and Wattless ’* 

Currents in . . . . . . . 336 ' 

120 Effects duo to the relative Positions of 2 Coiled Circuits, In- 

vestigation of Mutual ...... 343 

Drop of an Alternator with Load and Power Factor . . 174 

Retardation . . . . . . 870 

108 Iuductiveness of a Circuit, Determination of the . . . 814 

Instruments, General Remarks on the Calibration of Electrical 

Measuring ....... 4 

Insulation Resistance, Actual Values for given Voltage and 

Number of Lamps ...... 112 

Resistance by Direct Deflection Method, Proof of Formula for 498 

Resistance, General Remarks on . . 98 & 109 

42 Resistance, Measurement by the Silvertown Portable Testing 

Sot ........ 105 

41 Resistance of Cables, Measurement by Direct Deflection 

Method ....... 99 

4 g Resistance of Dynamos and Motors, Measurement of the . 129 

Resistance of Dynamos and Motors, Proof of Formula for . 496 

Resistance of Electrical Cables and Installations 98 & 109 ' 

47 Resistance of Faulty Telegraph Insulators . . 128 

43 — — Resistance of Installations, etc., by Evershed’s Portable 

Megger and Bridge-Megger Testing Sets . 118-116 & 589 

c 
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45 Insulation Resistance of Installations, etc., while working . 119 

46 Resistance of Installations, etc., while working *, . 121 

• Resistance of Installations while working, Proof of Formula 

for . . . . . . .494 

48 Resistance of Storage Batteries, Measurement of tho . 127 

, Resistance of Storage Battciies, Proof of Formula for . 498 

Resistance with Testing Voltage, Variation of . . 113 

Insulators for Postal and other Telegraph Lines . . . 123 

56 Internal Characteristic of Separately Excited Dynamos . . 148 

59 Characteristic of Series Wound Dynamos . . . 155 

, 81 Characteristic of Shunt Wound Dynamo . . . 169 

74 Loss and Efiiciency Tost of a Pair of Alternators . . 192 

77 Loss of Power in Dynamos and Motors, Analysis of the . 202 

Posses in an Alternator . . . . .186 

Losses in an Alternator, Separation of the . . .189 

32 Resistance of Secondary Cells, Measurement of the . . 75 

Resistance of Secondary Cells, Pioof of Formula giving . 491 

Iron Losses in Alternators hy Retardation Method . .190 

124 Losses, Separation of, by A. C. Frequency Method . . 352 

J 

Jointing Electric Light Cables and Mains, Course in . , 475 

160 Electric Light Cables, Detailed Instructions for . . 474 

— ■ — Electric Light Cables, General Observations on . . 473 

Jolly’s Photometer Screen . . . . . .593 


• K 

84 Rapp’s Electrical Method of Mensuriug Efficiency of D.C. Dynamos 226 

• Method of Separating the Internal Losses in Dynamos and 


Motors ....... 203 

• Kelvin Air Condenser ...... 616 

Mngueto- 8 tatic Current Meter .... 568 

Multicellular Electrostatic Voltmetei . . . 563 

— — Standard Balances, Adjustment of tho . . . 550 

Standard Centi- Ampere Balance .... 646 

Standard Centi-Ampere Balance, Anti-Inductive Resistancis 

for 553 

Standard Ccnti-Ampcre Balance, Constants when used as a 

Voltmeter ....... 550 

Standard Composite Balance . . . . .554 

Standaid Composite Balance, Constants for . , 556-8 

131 “Voltmeter Method” of finding Electrostatic Capacity of 

Short Cables . . . . . . .374 

* Key, Highly insulated 2-way spring tapping . . .586 

Pohl’s change-over commutator .... 583 

Simple reversing . . . . .585 

Simple 2- way sliding . . . . . .687 

L 

111 Lag i»Circuits havingOhmic Resistance and Self-Induction only, 

Effect of Frequency on Anglo of . . .321 

Lagging and Leading Currents in a Circuit, the Production of .181 
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Lamp-box Resistance, Incandescent . , . .698 

129 Laws of f Combination of Self-Inductions in Series and Parallel . 366 
Lead-covered Cables, Twist- Joint in . . . / /83 

Cables, T-Joint in . . . . , .484 

Lead of Brushes in a Dynamo, Anglo of . . . .197 

78 Leakage Coefficient in Dynamos, Determination of the 

Magnetic . . . . . . .207 

Factor in Induction Motors ..... 288 

Liquid Rheostat, Thioe-phaso ..... 607 
Liquids, Table of Specific Resistance of . . i . 845 

117 Load and Wattless Currents in an Inductive A C. Circuit, 

Determination of the . . . . . . 336 ' 

100 Load-Efficiency Test of an Induction Motor . . . 272 

60 Localization of Faults in Elecliic Mains .... 130 

80 of Faults in Magnetizing Coils . . . .213 

Low Resistance, Approximate Test for a very . . . 624 

Resistance Hridge, Siemens form .... 625 

• Resistance Fixed Standard . . . . .601 

Resistance Measurer, Description of a . . . 621 

40 Resistance, Measurement by “ Nalder ” Measurer . 97 A 621 

37 Resistance, Measurement by Simple Potentiometer Method . 88 

36 Resistance, Measurement by Voltmeter and Ammeter 

Method ....... 80 

35 Resistance (Potential Difference Method), Measurement of . 84 

Resistance (Potential Difference Method), Solution of In’ei- 

ences for . . . . . . .492 

Logarithms, Tables of . . . . .667 

124 Losses in Iron, Separation of, by A.C. Frequency Method . . 852 

137 in Transformers (by Short Circuit Test), Copper . . 407 

in Transformers ou Open Circuit (constant) . . . 403 

Lummer Brodhun Photometer Screon, Principle of . , 593 


M 


81 Magnet Coils, Rise of Temperature and Increaso of Resistance of. 216 
79 Magnetic Characteristic of a Dynamo with Varying Air Gaps ' . 211 

Curve Tracer, Ewing’s . . . . .609 

— — Dispersion in Induction Motors, Coefficient of . . 2S8 

125 Hysteresis, by Ewing’s Hysteresis Tester, Measurement of . 356 

123 Hysteresis in Magnetic Material (Single-phase A.C.s), 

Measurement of ..... 348 

78 Leakage Coefficient *V in Dynamos, Determination (by 

Ballistic Method) of the . . . . 207 


123-4 Material, Measurement of Hysteresis (Single-phase A.C.s), 

in samples of ...... 348-362 

122 Permeability, by Hopkinson’s Permenmcter, Measurement of 347 

121 Permeability by the Permeameter, Measurement of . . 346 

Slip in A.C. Motors ..... 260-2 

67 Magnetization Characteristic of an Alternator . . .169 

68 Curve of fin Alternator on Full Load . . ,171 

66 Curve of Separately Excited Dynamo , . .148 

69 Curve of Series Wound Dynamo , . , ,165 

01 Curve of Shunt Wound Dynamo . . . . .159 

136 Curve or “Open Circirt” Characteristic of Static Trans- 
formers , ..... 404 
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147 Magnetization Carre or “ Open Circuit” Characteristic of Rotary 

Converter . . . . . ? .438 

80 ^Magnetizing Coils, Localization of Faults in 213 

54 Magneto Dynamo, Determination of the Charactciistic of a . 143 

Dynamo, Graphical Deduction of Total Characteristic of a . 145 

Magneto static Current Meter, Kelvin’s adjustable . . 558 

Manganin Resistance Material, Table giving Riic of Tempcintnio 

for Different Currents in .... 649 

Maw’s Rule for finding the smallest size of a Drake l’ulley . 235 
Mean-sjiheiftnl and Horizontal Candle Power . . .56 

Measuring Instruments, Parr’s Diiect-lleading Dynamometer • 572 
“Megger” Insulation Testing Set, Everdied’s . . Il l & 539 

18 Meter, Calibration of an Elccti icily . . . .43 

19 Complete Teat of an Electricity . ^ . . . 45 

Mi thven Screen Photometric Standaid of Light . . . 595 

75 Moidoy’s Method of finding the Disti lbution of Potential round a 

Dynamo Commutator . . . . . .199 

Method of Separating the Internal losses in Motors ami 

Dynamos ....... 203 

76 Mordey-Swinbume Method of finding the Distribution of Potential 

round a Dynamo Commutator . . . .201 

153 Motor Generator Sot, Efficiency of a Booster or . . . 444 

Testing Brake, Soames' . . . . .637 

86 Motors (at Constant Excitation), Variation of Speed with Voltage 

on Armature ....... 236 

88 (at Constant Excitation), Variation ot Speed, Voltage Current 

with Brush position on Commutator of . . . 239 

87 ■» — (at Constant Voltage), Vauation of Speed with Kxcihtion 

in D.C. ^ 238 

1012 Complete Test by Sumpner-'Woekes method . . . 2 S 8 

101 Completo Test without loading up, of Induction . . 277 

94 Efficiency and B.H.P. (by Cradle Balance Method) of small 

Electro- ....... 252 

107 Efficiency and B. II. P., etc., of Synchronous . . . 309 

93 Efficiency and B.H.P. of D.C. Compound Wound Electro- . 251 

89 — — Efficiency and B.1I.1*. of D.C. Senes Wound Electro- . 241 

g 2 Efficiency and B.H P. of D C. Shunt Wound Elect to- . 248 

90 Efficiency and B H.P. of 500-Volt D.C. Senes Wound 

Tiamway ....... 245 

100 Efficiency and IUI.P. of Multi-phase A. C. Electro- . . 272 

99 Efficiency and B.II.P. of Single-phase A. C. Electio- . 269 

105 Efficiency and B.H.P. of Single-phase Commutator . . 299 

95 Efficiency and B.H.P. (Swinburne’s Electrical Method) of 

Electio- ....... 255 

120 Impedance, Reactance, and Self-Ind. by Alternating 

Currents . . . • • • 358 

97 -—No-Load “Open Circuit" Test of Induction . . 264 

98 No-Load Short-Circuit Test of Induotiou . . .267 

90 . - (Poole's Electrical Method), Efficiency of D.C. Electro- , 258 

Ratio of Transformation in Induction . . .265 

104 Relation between Starting, Torque, Current, Voltage, and the 

■ Rotor Circuit Resistance of an Induction . . .296' 

91 Relation between Starting Torque ami Current in D.C. . 246 

100 Relation of Excitation to Armature Cmrent and “ V " Curves 

of Synchronous • . • . • .305 
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Motors, Testing of Asynchronous A. 0. Induction . . . 260 

’ Testing of Continuous and A.C. Electro- . . . 232 

303 With Variable Rotor Circuit Resistance, Relation bctweedf ** 

Efficiency, Slip, Torque, Load in an Induction . . 294 

77 Motors and Dynamos, Analysis of Internal Loss of Power in . 202 
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101 Test for Efficiency of Induction Motor (Hey land Method) ‘ . 277 

Notation for Points in Curve Plotting .... 3 

Numbers and Constants, Useful . , , , , 654 

O 
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round the Commutator of a Dynamo, General Remarks (and 

Thompson’s method) on Distribution of . . .195 
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Potentiometer, Crompton’s ..... 510 

39 Method of Comparing Resistances by ... 94 

Method of “Setting’’ Ciompton’s .... 614 

Precaution in using, and Sourcos of Error in . . . 515 

The N. C.S 507 

• Volt Box . . . . . . .521 
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Low) by the Potential Difference Method, Solution of 

Inferences for , . . . . . . 492 

40 — — (Low), Measurement by Nalder Measurer . . .97 

37 (Low), Measuiement by Simple Potentiometer Method * . 88 

36 — — (Low), Measurement by Voltmeter and Ammeter Mothod . 86 

Material Table for Eureka . ... 646 
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— Converters, Synchronizing of. . . . .411 
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55 Excited Dynamo, Determination of tho “Characteristic” 

of a 147 
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netization of . . . . . . .148 

53 Excited Dynamo, Relation betwocn Speed and E.M.F. in . 140 

Separation of Intel nal Lossoa in an Alternator . . .189 
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Method ....... 204 
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Method 203 
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58 Wound Dynamo, Determination of External Characteristic 

of a 150 

Wound Dynamo, Determination of Total Characteristic of a 152 

59 Wound Dynamo, Intornal Cliaiacteiiutic or Curve of Mag- 

netization of a . . . . . . .156 

89 Wound Electro-Motors, Efficiency and B.II.P. of Direct 

Current . . . . . . .241 

90 Wound Tramway Motors, Efficiency and B.H.P. of 600 Volt 

D.C 245 

69 Short-circuit Characteristic of an Alternator . . .173 
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99 Single-phase A.C. Electro-Motors, Measurement of Efficiency and 
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Method of ...... 417 

139-142 Phase A.C. Static Transformers, Efficiency of . 412-424 
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118 Solenoidal Choker, Variation of Impedance, Reactance and Self- 

• Induction with Position of Movable Coro in . . .339 
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Resistances of Liquids, Table of . . .645 

Resistances of Metals and Alloys, Table of . . . 644 

65 Speed and E.M.F. at which a Dynamo truly Compounds, Detei- 
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53 and E.M.F. in Direct-Current Dynamos, Relation between . 140 

62 — — by Stroboscopic Fork, Measurement of . . . J35 
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51 Indicators, Calibration of . . . . 134 
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of D.C. Motors, Variation of . . . . . 239 

g (5 with E.M.F. in Alternators (at Constant Excitation), 

Variation of . . . . . . . 168 

87 with Excitation on Armature of D.C. Motors (at Constant 

Voltage) 238 

86 with Voltage on Armature of D,C. Motors (at Constant 

Excitatiou) ....... 236 

Spoed-Tor<|ue Cures of an Induction Motor, General Form of . 295 
Speeds of Target with Stroboscopic Fork, Table of . • 140 

Spherical Candle Power of an Electric Arc Lamp . . .70 

Candle Power of an Electric Glow Lamp . . .66 
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— — Transmission Dynamometer, Expression for amount of 

Coiling of Spring , . . . . .632 

— — Transmission Dynamometer, Stroud . . . .626 
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Springs for Thompson’s Steam-Engine Indicator,- Table of , 53^ 
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Stand Coil Rheostat . . . . . . 606 
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Transformers, Fundamental Considerations relating to A.C. 400 
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107 A.C. Motors, Efficiency and B.1I.P., etc., of . . 309 
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Speed, Definition with Induetion Motors of . . . 260 

T 

51 Tachometers, Calibration of ... . 134-140 

Target, the Stroboscopic . . . . . . 138 

47 Telegraph Insulators, Measurement of the Insulation Resistance 

of faulty , . . . . . 123 , 
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— Coefficient of Metals and Alloys, Table of . . . 644 
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Testing Sets, tho Kvershed .... 539-546 ' 
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Thompson Steam-Engine Indicator .... 531 
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botween two Lead-covered Electric Light Leads . .484 

— • — between two shiglo-wire Electric Light LnuW . .477 
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Weston (Cadmium) Staudard Cell, kMl<\ withtempeiaiye of 13 & 643 
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